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4119. An object-oriented programming was developed because limitations 
Were discovered in the earlier approaches of programming. 

In the procedural languages， like C， Pascal, FORTRAN and others, the 
statement tells the computer to do something, that js， get some input and after 
manipujlation display that output. Here, programs are a list ofinstructions For 
very small programs, there is no need to organize principle. But when programs 
become largen asingle list ofinstructions becomes unwieldy. Forthis, function 
was adopted to make programs more comprehensible. A procedural program 
is divided into fonctions and each function has a clearly defined purpose. The 
breaking idea of a program into functions can be extended by grouping a 
number of functions together into a larger entity called a mrodrl1e. 

As programs grow ever larger and more complex，even the structured 
Programmingapproach begins to show signs and strain. The projectis too complex， 
the schedule slips, complexity increases, the schedule slips further and disaster 
ensures.Analyzing the reasons forthese failures reveals that there are weaknesses 
in the procedural paradigm. No matter how well the structured programming 
approach ls implemented, large programs become excessively complex. 


There are two related problems 一 
(Functions have unrestricted access to global data. 


(ii Unrelated functions 'and data,， the basis of the procedural 
paradigm, provide a poor model of the real world. 
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Prograrmmming ， 
4 Object Oniented Fo9 5 objectoriented languages js to combine in LUnit-/ 5 
1ideabentmn ta, Such a unif . ， . 一 
贡 和 and fonctions that operate on ee The 1 师 1 theirrespective instance objects.An object contains an Implicitreference to its 
asingle unit 0 站 0 cannot acceSs data qdITeC atai Own classj “it knows what kind of Bicycle Objects ”Bicycle Class 
和 - : Attribut 
et say that an object-oriented programmlng 2 oach c 册 PoDopro7Ppjisrz means that the Tine 机 
Therefore， intheprocedural-oriented programmlingapproach same operation may behave ee 
sokve theprob'emY eg (OO) means that we organize Software as differently on different classes. The Apstract Mraterial 
The term objecr-OFIE1 机 tincorporate both data structure and behaviou' 1OVve 0peration，for example， Into Operations 
collection of discrete objects 站 0 mming in which data structure and behaves differently fora Pawimthan 人 
SR cohventlona - ove 
Thils 1 In contrast to vconnected There is some dispute about exactly wha for the queen In a chess game， An 对 如 Repair 
behaviour are only loosely 5 tthev er Operatiom is amiaction or 
二 ired by an object-oriented approach， y generall 
characteristics are Iequirec ， 1 junambisnt and heriton transformation that an Object 
include four aspects 一 identlty， classification, Po yYImOI NE performs or is subject tOj Rigpr- Polygon Objects Polygon Class 
Jientit means that data 1S quantized into discrete， distingulshable entitis 1zrstij，adisp127，and move are 人 
called objects.Aparasraz 巍 加 Q GOCUNIE1H 3 WinGDW 加 和 staliom and examples of operationS.A specific BirdecealoE 
the white queen in a chess game 3aI6 examples of objects. Flg. 1.1 show implementatiom of an operation by 虽 Fil Color 
someadditionalobjects. Objects can be concrete, such as ajile in afile system ， a certgii elass is called a mmetjpod ations 
or conceptual, such as a SCjeaz1in8 pojicy in a multiprocesslng operating .Because af objsct-oriented operator Re 
system. Each object has its own inherent identity. In other words, two object' 证 polyimorphic, it may have more Move 
than oneimethod implementing it. iig. 7.2 Opjectsy ad Classes 
P 5 M/ 


are distinct even ifalltheir attribute values are identical. 


有 In the real world, an operation is Simply an abstraction of analogous 
2 、 behayviour across different kinds of objects， Each object“knows how”to 
13537163 perform its own operations. In an object-oriented programming ]anguage， 


Variable Name 
aCredit 


of 56826358 
aSarvingsAccount | 4S205128 however the ]anguage automatically selects the correct method to implement 
ASymbol Table A Binary Tree The Gray Teleyvision  ” an operation based on the name of the operation and the class of the object 
being operated on. The user of an operation need not be aware of how many 
methods exist to Implement a given polymorphic operation. Developers can 
add new classes without changing existing code, as long as they provide 

methods for each applicable operation. 
Brian's Bicyele A White Rook Z1Ppzperitance is the sharing of attributes and operations (features) among 


28. 7.7OJecrs classes based on ahierarchical relationship.Asuperclass has general information 
that subclasses refine and elaborate. Each subclass incorporates,， or inherits， 


2 behaviour (operations) are gouped into aiclass. Parasrapj, hopztom and all the features of its superclass and its own unique features. Subclasses need 
Me 和 A clasS iS an abstraction that describes hot repeat the features of the superclass. For example， Scro11ingJJ1padow and 
classes is arbitrary and ee and Ignores the rest. Any choice of FixedJJizaadow are subclasses of 有 rdovw. Both subclasses jnherit the features 
SS PCion of 有 形 zrdow, such as a visible region on the screen. Scro1lipzg 有 ipradow adds a 
object is said to be an 机 posslbly Infinite set of individual objects. Each scroll bar and an offset. The abijlity to 人 factor out common features of several 
1Stance of its class, Each instance of the class has 刻 classes into acommon superclass and to inheritthe features from the supercjlass 

with other instances of the class. Fig 1.2 We 1 can greatly reduce repetition within designs and prograns and is one of he 

asses and some 0L main advantages of an objectr-oriented technology. 


Classificarionr means that objects With the Saimie data structure (attributes) 
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@2 到 ji tpe need of opject oriemted Pro8 
4118. Refer to Q.L. 


。 ;objectorieftted da 
Q.3. 于 jetts 0 py ob1e ai 

dns. The definition of an 人 istics of classes that d 和 

证 tic and dynamic characterlstics 0 af descrihs 
description of the statlc anC (: tv is performed by a software engineer Befhy 
System OT product 工 hls ee 则 en we ave to define the clag: 
we can build an aa edeiSa SEC re 
Tepresent the ee the inner workings of objects and 也 
ea that allow them to work together. All of they 
things are accomplished during object-oriented analysls. 

We cannot build software until we have a Teasonabjle understanding 四 
the system or product. OOA provides us with a concrete way to Iepresent ou 
understanding of requirements and then test that understanding against 也 
customer's perception of the system to be built. 

Object-oriented analysis (OOA) begins with a description of use cases -; 
scenario-based description ofhow actors (people, machines, and other System 
interact with the product to be built. Class responsibilities-collaborator (CR 
modelingtranslates the information contained in use-cases into a representatim 
of classes and their collaborations with other classes. The static and dynami 
characteristics of classes are then modeled using a united modeling language. 

Objectroriented analysis can yield following benefits 一 

人 haintainabinitg -Maintainability through simpliied mapp 通 
to the real world, which provides for less analysis effort less coOimplexity ii 
System design, and easier verification by the user. 

( 动 Reusabilitgy -Reusability of the analysis artifacts which saw 
bme and costs and depending on analysis method and piogramming languagt 


(ii Productipig - Productivity gains through direct mappinght 
features of object-oriented programming language: 


71121122729。 (天 .G 居 下 Dec 200 


1UlSis 2 丈 1zat are ie enejin， 


QI Faris mearzt 2 OP1ecEoFiemted desig7r 2 


41zs.Ihe design of object-oriented soffWare requires the definition ofi 
multlayered software architecture,the speceification of Subsystems that perfo 
requlred fanctions and provide infrastructire Support, a description of objekf 


that form the building blocks of the System，and a description of 也 
communication mechanisms 


and objects. Object-oriented desi 


oriented desiegn is performed by a seftware engineer. 


人 om 
Scratch， but many others Imay be reused， 


that allow data to flow between layers， Subsyste 
8 acCcomplishes all ofthese things. Obje 人 


An object-oriented system draws upon class definitions that are derive 
ne analysis model, Some of these definitions will have to be built fot way to program. 


。 长 
if appropriate design pattetns ? 
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recognized. Objectroriented design establishes a design blueprint that enables a 
Software engineer to define the object-oriented architecture in a manner that 
Iaximizes reuse, thereby， improving developmentspeed and end-product quality. 

Object-oriented design is divided into two major activities 一 system design 
and object design. System design creates the product architecture defining a 
Series of “layers”that accomplisheg Specific system functions and identifying 
the classes that are encapsulated by Subsystems that reside at each layer. In 
addition, system desjgn considers that Specification of three components, the 
user interface,，data management functions, and task management facilities. 
Object design focusesjon thejiinternal details of individual classes, defining 
attributes operations, and messageidetails. 


An object-oriented design model encompasses Software architecture， 
user interface description, data management components, task management 
facilities, anid detailed descriptions of each class to be used in the System. At 
each stage, the elements of object-oriented design model are reviewed for 


clarity， correctnmess，completeness，and consistency with customers 
requirements and with one another, 


CQ.5. FF1afis object orierzted DrOSra11a1111118 (OOP) 2 瑞 op 丰 让 1zear 加 
FealOFZ 2 (R.GPRFE，Dec. 20713) 


412g. Object-oriented programming is an approach that provides a way of 
Imodularizing programs by creating partitioned Imemory area for both data and 
functions that can be used as templates for creating copies of such modules 
on demand. Thus, an object is considered to bea partitioned area of compnuter 
memorIy that stores data and set of operations that can access that data. Since 
the memory partitions are independent, the objects can be used in a Variety of 
different programs without modifications、 


Object-oriented programming is a Practical and useful programiming 
methodology that encourages modular design and software reuse. OOP treats 
data as a critical element in the program development and does not allow it to 
fow freely around the system. It ties data Imore closely to the functions that 
operate on it，and protects it from accidental modification from outside 
fonctions. OOP allows decomposition of problem into a number of entities 
called objects and then builds data and functions around these objects， 


The basic philosophy of using objects in programs is a simple one 一 that 
the world is composed of interacting, classifiable and identifiable objects, and 
therefore programs, too，can usefully be structured in this way. Since all 
Software applications serve people living in the real world, then that software 
Should mirror the real world as closely as possible, both in ii 


ts working and in 
its underlying design. Simply， 


object-oriented programming is a more natural， 
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0.6. 再 om does opject-oriemted CDProdc 瑚 dz1jfer Fo7z objecrj 
,6. 


CPPDFrOGC 及 了 
4zg The major differences between object-based and objectoi 

approaches are 3S follows 一 

Object-pased 4pProdcP Opject-orierated 4 Pproac 


It includes all the features sup 
ted by objectrbased approach 站 
with two additional features 光 
inheritance and dynamic binding 


(|The major features of object- 
based programming are 一 data 
encapsulation, data hiding， 
automatic initialization, clear-up of 
objects and operator overloadin8. 


Languages that Support object- 
based programming are called 
object-based programming 
languages. They do not Support 
inheritance and dynamic binding. 


Languages that support objectoii 
nted approach has all facilities 中 
encapsulation, inheritance， polynm 
phisms, and dynamic binding， 所 
hence, are known as object-orientl 
languages. 

It supports both abstract data al 
classes Which provide inheritand 
and polymorphism. 

The languages that support 05 朋 
Oriented approaches are Ada 94， 
Modula-3,GH+H Simalltalk Jia 人 tk 


It Supports abstract data but not 
classes， 


The languages that support 
object-based programming 
are 83 Ada and Modula-2. 
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4ms. TIhe mostpopular application of object-orientedprogrammingla 
been area ofuser interface design such aS WindoWS Hundreds ofwindowi 
System have been developed using the Object-orieited programm 这 
techniques. The promising areas for application of object-orientt 
programmilng include 一 


(D Real time system 全， AI and expert systems 


Gin) Simulation and modelingj (iv) Object-oriented databaseS 
包 CAD/CAM systems (vi Office automation 

(VD Neural networks and parallel programming 

(vii) Expertext,.hypertext and hypermedia. 

Real-business Systems are often much more complex and contain mm 
Imore objects with complicated attributes and methods, Object-oriente 
Programming 1S useful in these types of applications because it can simplit 
complex problem. The object-oriented paradigm sprang fom the langu38 
has matured into design, and has TIecently moved into analysis， 
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Application of object-oriented programming are beginning to gain 
importance in many areas. The richness of object-oriented programming 
environment will enable the software industry to improve not only the quality 
of software systems but also its productivity. Object-oriented technology is 
certainly goingto change the waythesoftware engineers think, analyze, deslgn 
and implement future systems. 


亿 8. 玫 1zat are Upe maajoFEHarauclefistics oFopbjectorierated 1arzgaruages ? 
xXPDLazrz. (R.GCPF，PDec. 2073) 
Or 

Aarmte tpe c1aracteriStics or opject-oriemated prog7ra11z1aizg. 
(R.GCPF，PDec. 2073) 
Or 
玉 1zatGFe 1e aizz cHa7acteristics or objectorierzted La1zgrdge 2 
(RCRPFE，Vov 2078) 
41tsj The basic characteristics of object-oriented programming are as 
follows 二 
( 
(于 ”Programs are divided into whbat are known as objects， 
(iD Data structures are designed such thatthey characterizethe objects. 
(iv) Functions that operate on the data of an object are tied together 
ln the data structure. 
(vV) Data is hidden and cannot be accessed by external functions. 
(vb Objects may communicate with each other through functions. 
(ViH) New data and functions can be easily added whenevernecessary. 
Cviib Follows bottom-up approach in program design. 


Emphasis is on data rather than procedure. 


@.9. 玫 jut are 1Pe variors Jeatures SPDDorted 5 object-orierztedt 
ProSgSra11a1111128 La1181CSes 2 XDiaiz eacP or 切 er11z. 


411S. Some of the concepts (or features) used extensively in object-oriented 
programming are as follows 一 


(2 Objects - Objects are the basic run-time entities in an object- 
oriented System. They may represent a person, a place, a bank account, a table 
of data or any item that the program has to handle. They may also represent 
user-defined data such as vectors, time and lists. Programming problem is 
analyzed in terms of objects and the nature of communication between them. 

When a program 1s executed, the objects interact by sending messages to 
one another. For example, ifcustomerand account are two objects in a prograrmm， 
then the customer object may send a message to the account object requesting 
for the bank balance. Each object contains data, and code to manipulate the 
data. Objects can interact without having to know details of each other's data 
Or code. 


10 Object Orieniled Prograrmrming 多 Me 妨 odology (Sem-， CS-Branch 


( 动 Classes 一 人 class isacollection ofobjects 0 ws 

riables of the type class. Once a class has been ie ined， we ca 

are va mberof objects belonging to that class. Each object is associateis 
ie es of type class with which they are created. Classes are userds 


For example, the bird “robin” is a part of the class flying bird* which is 
again a part of the class“bird . 
(po) Popzzorppisrz -六 means the ability to take more than one form 1l.e.， 


are me 了 
data types. For example, mango， apple 2 et of the 由 “one name, multiple forms” In 本 
fruib if fruit has been defined as a 人 es OOP an operation may exhibit 
Fruit mango， different behaviours in different 


instances, Concept of polymor= 
phism is implemented using the 
overloaded functions .and opera- 
tors. The overloaded member 


where, mango is an object， 

人 动 Data 4bstractio7z CQ120 ECOIPSULaEiO7z 一 The wrapping 本 
data and functions into a single unit (called class) is known as encapsulaf ne 
Data encapsulation is the most striking features of a class. The data 国 ve 有 局 一 一 
accessible to the outside world, and only those functions which are wrap ee ee ES 
in the class can access 让 This insulation of data 人 from direct access byt es 4 a Sumentsi 2 


programis called data hiding or information hiding， zi 了 cpmarmicBizzdizzg 一 Bindingreferstothe linking ofa procedure 
Abstraction refers to the act of representing essential features ofan ob call to theicode taibe executed in response to the call. Dynamic binding (also 

without including the background details or explanations，Classes useth knowiam as latebinding) means that the code associated with a given procedure 

concept of abstraction and are defined as a list of abstract attributes Suchs call is notiknown until the time ofthe call at run-time. 

Size，Weight and cost, and function to operate on these attributes， Th (yw 记 essage Passizzg - An objectroriented program consists of a 

encapsujlate all the essential properties of the objects that are to be creatil SGt of Objects that communicate with each other. The concept of message 

The attributes are sometimes called data members，because theyihu passing makes it easier to talk about building systems that directly model or 

imformation. The fonctions that operate on these data are sometimes ca 几 Simulate their real-world counterparts. 

methods or member functions. Since the classes use the Conceptso 企 4 Message passing involves specifying the name of the object the name of 

abstraction, they are known as Abstract Data Types (ADT). ithe function (message) and the information to be sent. 

(iTpperitance - Inheritance is the process byiwhichiobjects 人 zi Retsab21itp - Once a class has been written，created and 
one class acquire the properties of objects of another clasS it Supports 也 debugged, it can be distributedto other programs foruse,this is called reusabillity. 
concept of hierarchical classification The concept of iniEieiitanceprovides 册 IOOP, the concept of inheritance provides the idea of reusability. This means 
idea ofreusability. This means that we can add additional fens 二 am existi that we can add additional features to an existing class without modifying it 
class without modifying t This is done by deriving a new class from the existing one. The new class will 

am | inherit the capabilities ofthe old one, but is free to add new features of its own. 
QT7I0. 玉 patare tpe perzejils and7isks oropjectorie1zted developrraemzt ? 
= Or 
一 玫 7zte 11zerits cad demaerils or objecr-orierzfed Prosra11z11117125 1a11gUGES 
CS CO111DUred 10 DTrocedrre-orierated 1a1zgrGBCeS。 


412s. Object-oriented development is a new way of thinking about software 

based on abstractions that exist in the real world. The new technology promises 
greaterprogrammerproductivity better quality ofsoftware and lesser maintenance 
cost, The major benefits of object-oriented development are as follows -- 

人 Object-oriented systems can be easily upgraded from small to 
large system， 

(iD The data centered design approach enables us to capture more 
details ofa model in an implementable form. 

(tib It is easy to partition the work in a project based on objects. 
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Gw Hispossibletomap objectsin problems domaintothoseinthe 总 


se 后 三 
(v) Itis possible to have multiple InstanceSs of an objectto co 
1 


j interference. 
without We can build programs from the standard working modules 
communicate with one another rather than having to start Writing the 遇 
from scratch. This leads to saving of develjopment ttme W higher productvi 
(vii) Message passing technlques for communlcatlon between o 虽 
makes the interface descriptions with external systems much simpler 
(viiD We can eliminate redundant code and extend the use ofexi 


code through inheritance， 
(ix) The principle ofdata hidinghelps the programmerto build Seam 
programs that cannot be invaded by code in other parts of the program 
(x) Software complexity can be easily managed. 
(xi) We can categorize the object into various classes， 


Other advantages are reuse, an emphasis on modeling the real Worldi 
consistent and seamless package,， naturalness，resistance to chang 
encapsulation and abstraction，etc， 


Though itis possible to incorporate all these features in an object-orients 
System, their importance depends on the type ofthe project and the Preferem 
of the programmer. 


The specific risks involved in applying object-oriented appioach tol 
Software problem include -- 


人 Resorrce Demaapds-Sincean object-oriented prograimn canrequk 
aImuch greater processing overhead than one written using traditional imethodsi 
may work more slowly This is not good from a customeripoint ofivieW 


(地 Cjectpersistamce 一 An objecbs natu 硬 envitommeitisinRAI 
as a dynamic entity This is in contrast to traditional data storage in filesn 
databases Where the natural environment of the data isjionjexternal storag 
This causes problem when we want objects to Peisist between runs ofi 
PITogram, even more So between diffsfent application 

( 动 Compleripy -The message passing between many objects il! 
complex application can be difficult to frace and debug. 

(2 Rersapi5t 一 Wheni 
Teusable objects between applicati 
coupled to the rest ofthe hierarch 
Teuse with inheritance. Itis extre 


nheritance is used itis not easyto produg 
ons，since it makes their classes clostj 
yY. Object can become application specific' 
mely difficult to coordinate Very large syste 玫 


QT 15ite maeripg and demmrerits CQ1 opbjectr oriemted metnodology 


0 有 
411s. Refer to Q.10. (R.GR 态 Vonr 2 
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CI72. Jite tpejeatrres orprocedrure-orieltte 友 Op1ect-pased arad oprec- 
Oriej1ated La11graSeSs Separdte 太 41so Jprite aerits amd demaierits oreacH. 


411s. Procedure-oriented Languages 一 C, Pascal, FORTRAN,and simillar 
languages are procedural languages. That is each statement in the language 
tells the computer to do something. Ajrogram in a procedural language is a 
list of instructions. Features of procedure-oriented languages are as follows 一 

(D) Emphasis is on doing things. 

( 砷 “Largeprogramsaredivided intosmallerprograms known as fanctions. 
(ii) Most of functions stiare global data. 

(iv) Data move openlyaround the system from function to function. 
(V) Functioms transform_data from one form to another 

(viD) Employs top=down approach in program design. 

Merit - Procedure-orieiited programming basically consists of writing a 
list of instructions forthecomputerto follow,and organizingthese instructions 
into groups. We can use a flowchart to organize these actions and represent 
the fowWsof control 他 om one action to another. 


了 emerit In a large program it is very difficult to identify what data is 
Usedbyiwhich fnction.Another serious drawback with the procedural approach 
isthat itdoesmnot model real worldproblems very well. This is because functions 
are action-oriented and do not really correspond to the elements of the problem. 


Object-based Languages -- It is the style of programming that primarily 
Supports encapsulation and object identity. Major features that are required for 
object based programming are as follows 一 

(人 “Data encapsulation 

(GD Data hiding and access mechanisms 

iib Automatic initialization and clear-up ofobjects 
(ivV) Operator overloading. 

Languages that Support programming with objects are said to be object- 
based programming languages. They do not support inheritance and dynamic 
binding. Ada is a typical object-based language. 

Object-oriented Languages -- It incorporates all of object-based 
programming features along with two additional features, namely inheritance 
and dynamic binding.Object-oriented language can therefore be characterized 
by the following statements 一 

Object-based features + Inheritance + Dynamic binding 

Merit and Demerit - Refer to Q.10. 

@7I3. Describe nom data aresHpared zjiurzcetiomrsimaprocedure-oriemted 
Drogra11t。 

41zs. Procedure-oriented programming basically consists of writing a list 
of instructions for the compnuter to follow, and organijzing these instructions 
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nctions. We use a flowchart to Organize these 本 


6 
of control from one action to another. Wi 


into groups known as 包 


and represent the 有 ioW eatontS 
concentrate on the development of functions, Very n js il 


i i ions. Fig. 1.5 sho 
the data that are being used by VarlouUs function 多 ws the nl 
between data and functions In a procedure-orlented program. 


加 


Function-Tt 


Fig. 1.5 Relatiomsjip or Datae amd Fuzctiorzs Procedura1 rogramnni 


Global data are more vulnerable to an inadvertent change by a foncti 
In a large program it js very difficult to identify what data is used by WW 册 
function. In case, we require to revise an external data structure, we also Da 
to Ievise all functions that access the data. This creates an Opportunityf 
bugs to creep in. Another drawback of this approach is that it does not maok 
real world problems very well, This is because functions are action-orients 
and do not really correspond to the elements ofthe problem. 


714 Fomp are data aad jzpzctiopzs O1S8a121zed im ad12 Object OFEEN 
Drogra11z 2 
411s. Objectoriented programming 
(OOP) treats data as a critical element 
in the program development and does 
not permit it to flow freely around the 
System. It ties data closely to the 
functionsthatoperateonitand prevents 
it from modification from outside 
fanctions， OOP decomposea problem 
Into a number of entities known as 
objects and then builds data amnd 
fonction near these objects. The da 人 t 
of an object can be accessed only by 
its functions. However fonctions ofone 
object can accessthe functions ofother 
objects. Fig. 1.6 showsthe Organization 
of data and fanctions in OOP 


ObjectX 


ObjectY | 


Fig. 1.6 


.41zg. The major difference 
Orented programming are as follows - 
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Procedrre-orierzted Progsra11z111111B 


It emphasizes on doing things oOT 
algorithms. 

Large programs are decomposed 
into functions. 

Most of the functions share global 
data. 

Data move openlyaroundthe system 
from function to function. 

POP follows top-down approach 
in program design. 


Opject-oriezted Progra11z71z1125 


(D | 世 emphasizes on data rather than 
procedure. 

(ii | Programs are decomposed intg 
Objects. 

(Gin |1Data structures used charageterize 
the objects- 

(iv)|Data is hiddenjand cannotbe 
accessed by exteinal finctions. 
(v) |]DOP follows bottom-up approach 
in programidesign. 


人 76. Fatdis objectiorierted progra1aoziag 2 om 玉芝 djerent 六 om 


Drocedure Orie1ated Progra11a11az2zzg 2? 
1zs. Refer to Q.5 and Q.15. 


(R.GPF，.Jrurze 2073) 


@IZ FFpat zs opject oriemated progra11aiiag ? om 好 让 dferermt Jromrz 
Piocedu7eiO1ie1ated ProSra11a1122118 2? 于 1at 态 e 态 e raigke adparatages are OF 
OU1ect orie1zted prosrarma ?2 (R.G 己 FF，JJaerrie 2073) 

Or 

邢 jat is oBject orierzted Progra11a11aizzg 2? 矶 op does 天 dzrfer From 
SIUCIKred PrOSFa11I111118 2 Discrss 1pe cjaracteristics or object oriermted 
La1z2grd3SeS. (R.CG 忆 入 ，Jrzre 2076) 


412S. Refer to Q.3, Q.15 and Q.8. 


纪 78. jatare tje wjerenttbpes ojzodek Cropject rzodelizzg tecjzzzigrue ? 
了 xDLazrz Drie17 


41s. The three types ofmodels ofobject modeling technique are as follows - 


从 Opjectodel-- Object model describes the structure of objects in a 
System 一 their identity, their relationships to other objects, their operations and their 
attributes.Itprovides theessential frameworkinto whichthe CO1aa11tic Gd Jazzctiorzal 
models can be placed. We can say that objects are building blocks of model. 

The goal in constructing an object model is to capture those concepts from 
the real world that are important to an appblication. In modeling an engineering 
problem, the objectmodel should contain terms familiarto engineers; in modeling 
a business broblem, terms from the business; in modeling a user interface， 
terms fromthe application domain. An analysis modelshould not contain computer 
constructs unlessthe application being modeled is inherently a computerproblem 
Such as a compiler or an operating System. The design model describes how to 
solve a problem and may contain computer constructs. 
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46 Object Orente 
; ith object dia 
; aphically represented with lagrams conl ， Unit-1 17 

This model 1s grap nged into hierarchies sharing common 圾 


.Classes are aIT3 ; j 
0 ee aeaaeidiala with other classes. Classes define 也 好 By major we mean that a model without any one of these elements 1S not 
and beha 1 


。 e attti 。 
values catried by each object instance and the operations which each q ee ER 
performs undergoes-. 中 ere are tnree ImInor elements of o ject IO 


人 Dynamic Model-- The dynamic model describes those ah () 了 () -Concurrency 
of a system concerned with time and the Sequenclng of operationsg su (iiD Persistence， 
events that mark changes, sequences of events, states that define the cg 1 Byminor we mean that each oftheseelements is auseful, butnot essential 
for events, and the organization of events and states， The dynamic 刘 4 part of the object model. 


captures comtrob that aspect of a System that describes the Sequencey， Abstraction -- An abstraction idenotes the essential characteristics of an 
operations that occur, without regard for what the operations do， What object that distinguishitfrom allotherkinds ofobjects and thus provide crisply 
operate on, or how they are Implemented， defined conceptual boundaries, TelatiVe to the perspective of the viewer. 

The dynamic model is represented graphically with state diagrams, An abstractioniis one ofithe fundamental ways that we as human cope 
state diagram Shows the state and event sequences permitted in a System with complexity.An abstraction focuses on the outside view of an object and 


one class of objects. State diagrams also refer to the other models. Actionsi So serves to Separate an Object's essential behaviour from its implementation. 
the state diagrams correspond to functions from the fonctional model 


5 。 。 . . Eventi Hoare -Suggests,“abstraction arlses from a recognition of similarities 
a state diagram become operations on objects in the object model 


betweef certalin objects，situations，oOr processes in the real world, and the 
(让 FunrctiomralModel-Afunctionalmodelisa description ofas decision toiconcentrate upon these simjlarities and to ignore for the time being 
of a System that transform values using functions， Imappings， constraints 4 二 二 
fanctional dependencies. Shawsdefines,“a simplified description, or specification, of a system that 
emphasizes some ofthe system's details or properties while suppressing others， 
from inputvalues without regard forthe orderj : Agood abstraction is one that emphasizes details that are significant to the 
It consists of multiple data flow diagram which shows the flow 5 可 aluc 三 各 。 orUSer and Suppresses details that are, at leastforthe moment, immaterial 
OT dlverslionary.” 


nternal data stores, to external outptt . . 
There are the following types of abstraction 一 


lt also shows a computattion and the functional derivation Ofithe dt 


和 in it without indicating how。 when, or why theiwalues are computel (人 份 zttity 4bstractiomn 一 An objectthat represents auseful model of 
ee SR Which operations are pErformed and 他 ce orderi aproblem domain or solution-domain entity. 
are 
y sre app led The object model defines heisffucture of value 世 (让 4ctiom 4bstractiom 一 An object that provides a generalized set 


the operation operates on. For batch-like com 
numerical computations; the functional mode 
Jarge system alf three models are important 


Putations such as compilerou of operations, all of which perform the same kind of function . 


1 is the pfimary model, butit ( 刘 Frtual acHine 45bstractior - An object that groups together 
Im functional modelin operations that are all used by some superior level of control or operations that 
between values j 8 the datz 11o 订 diasgrearz shows the relationshi all use some junior-level set of operations. 


gram is a graph of proces (2) Coipmciderztal 4bstracfiom - An object that packages a set of 
operations that have no relation to each other. 


Encapsulation -- Encapsulation is the process of compartmentallizing the 
elements of an abstraction that constitute its structure and behaviour, 
(R.GR 了 Jarre 2070， 201f Encapsulation serves to separate the contractual interface of an abstraction 

and its imPlementation. 
object model - . 
(i) Encapsulati Encapsulat 2n and abstraction are complementary concepts -~ abstraction 
二 aulon focuses upon the observable behaviour of an object whereas encapsulation 
V) lerarchy. focuses upon the implementation that gives rise to this behaviour 


@79. Far are 1e Cerent elemrents Cr opject maodel ? 


41zs. There are four major elements of the 
(D _ Abstraction 
(0D) Modularity 


18 obiect oriented Programming & Methodoogy 从 Sem， CS-Brana 


| ingft ] 。 UnF- 上 79 
Encapsujation is most often achieved through information hidin 
; fhiding all the Secrets of an object that do not contribu Hierarchy - Hierarchy is a ranking or ordering or abstraction 
Je teristics, typically, the Structure of an object is hidden ， 1 Abstraction is a good thing, but in all except the most trivial applicattons， 
nn of its methods， ”we may find many more different abstraction that we can comprehend at one 
as 


1 i j j | iding the inside view of 

; ici j different abstractions a time. Encapsulation helps manage this complexity by hidingt 
和 On "et our abstractions. Modularity helps also, by giving us a way to cluster logically 
， related abstractions. Modularity helps also by giving us a Way to cluster logically 
Modularity - Modularity is be propery of a system, ,that has \，related abstractions. Still, this is not eriough. A set of abstractions often forms 


to clear separation of concerns， 


decomposed into a set of cohesive and loosely coupled modules. a hierarchy, and by identifying these hierarchies in our design. We greatiy 
The act of partitioning program into individual components can iu simplify our understanding of theproblem， 
its complexity to some degree. Although partitioning a program is he The two important hierarchies 这 acomplex system are 一 


more powerfuljustification for partitioning program is that it creates a nu ts class Structure (the “is 2” eare 切 ) 
of well defined, documented boundaries within the program. The boundi (i) Its object structure (the paxzrl of ”hierarchy). 
or interfaces, are invaluable in the comprehension of the program， Inheritance is theimost imnportant “is a” hierarchy, and it is an essential 
Na 
人 modules， Imore classes. Thus inheritance represents a hierarchy of abstractions, in which 
asubclassinherits fromone or more Subclasses. Typically, a subclass augments 
or redefines the existing structure and behaviour of its Superclasses. 
“ahierarchy denotes generalization/specialization relationship,“Ppcz 
or hierarchyidescribes aggregation relationships. 


们 ”Rersability - Programs can be assembled from pre-w 请 Typing -- Typing is the enforcement of the class of an object, such that 
software components that can be used in many different appllications 0Objests difierent ee 和 8 陡 0 和 
(让 Excterasipiitp ~- New Si be interchanged only in very restricted ways. 

d from existing we without affe te can 了 Pe writeil The concept of a type derives primarily from the theories of abstract data 
Was - Ing Te orlginal components, types.Atype is aprecise characterization of structural or behavioural properties 
W g ee criteria for modularity These criteria may be appliedl which a collection of entities all share. 

人 m, Dut are difficult to achieve using functional decompositio The concepts oftype and class are similar, we includetyping as a Separate 

(全 Decomposifion- Breaking asSystem doWn intoiiianageableu ee of object because the concept of a type places a very emphasis 

(2) Comaposability M upon the meaning of abstraction. 

一 Modules ma ] 。 
beifreely comb 志 ed into oh Typing expresses our abstraction so that the Programming language in 
which we implement them can be made to enforce design decisions. 
Concurrency -- Concurrency is the property that distinguishes an active 
， bject form one that is not active 
(2 Comtzpzrip 一 RE 
人 销 - Small changesito the System imply small chang For certatin kinds of problems, an automated system may have to handle 
many different events Simultaneously. Other problems may involve so much 
ption and error candi to computation that they exceed the capacity of any Single processor. In each of 
they occur or affect only closelv 和 are confined these cases, it is natural to consider distributed set of computers for the target 
aare metin an object ori TI 0 届 Implementation or to use processors capable of multitasking. 
ly cohesive uni 司 Wi me System by Virtue of ob | A Single process is the root from which independent dynamic action occurs 
-年 summary modualri mpe Interfaces， hiding theirinter within a System. Every program has at least one thread of control but a 
， jand 论 于 thatefo， ty 18 easSler to achieve Using obj& System which involves concurrency may have many such threads，some are 
5 easier to take fall advantages ofif transitory and others that last the entire lifetime of the System?s execution 


make about each other. 


Object-orientation provides modularity it also Provides the assum 
benefits ofmodularity namely -- 


develope 


System 


(Daderstaradoppzizy ， 
understanding the whole 4p01120 Understanding 夺 E part contributes 


(2 Protectiom ~ Exce 
module in which 


All these criteri 


20 Object Oriented Programming 《 Me 加 odology ({ 咱 Sem,， CSBrans 


Systems executing acT0SS multiple CPUsallow fortruly cone 


ren Upi -1 21 
na single CPU th 
of control whereas Systems Tunning 9 1 1 “an only ak 庆 2 7 1/ 有 ， 
ilusion of concurrent threads of control usually by means of sontt 允 20. Discuss ie Jornzatted TO operatioms 训 dete 记 
Or 
2 和 R 
SJicing ee Been:iwweight ind TeEtWeiaht 开 jat are ie to0 Was 加 rzaza 丰 mg op 加 虹 训 formaatiop 刘 C++ 2? 
We RN dentl “oncunren 41s. C++ Supports many features that could be used for formatting the 
heavy-weightprocess is onethatindependently managedbythetar N 


. . getohw output, These features include - 
system, and So encompasses lts OWn address space. A lightweight (ios class functions and 参 吕 
usually lives within a single operating System Process along v 开 人 g 
lightweight processes, Which share the Same address Space. Commun Gi Userdefined o 用 0 村， 
among heavyweight processes is generally expensive， Involving S 


多 = ome fo ios Class Eunctions = The los class contains a large number of member 
inter-process communlication，and the communication among 


， lightw functions that would help us to format the output in many ways. The most 
processes is less expensive, and often involves Shared data. important ones among theimilare shown in table 1.1. 
Persistence -- Persistence is the property of an object through whin Table 1.1 


existence transcends time (i.e. the objects continues to_ exist after its w 
ceases to exist) and/or space (ie. the object continues to exist after its 汉 
ceases to exist) and/or Space (i.e. the object's location ImOoves from the 二 
space in which it was created). 


1 object in software takes up Some amount of space and existsf 
particular amount of time. The spectrum of obiect persi 

TSlste 
the following-- 小 5 nce encompan 


width( 麻 To specify the required field size for displaying an output value. 


preciSion(C TIoispecifythe numberof digitsto be displayed afterthe decimal 
point of a flioat value. 


To specify a character that is used to fill the unused portion of 
afield. 


To specify format flags that can control the form of outpnut 
display (Such as left-justification and right-justification). 


To clear the flags specified. 


fl ) 


setf ) 


Transient results in expression evaluation . 


GD Local variables in Procedure activations， 


Gin Own variables, global vari 
different from their Scope. 和 VD es and heap ims Whose ext 


unsetf ) 


Manipulators - Manipulators are Special functions that can be included 
Gv) Data that exists between exec 


。 in the IO statements to alter the format parameters of a stream. 
utions of a prograimn， ， 
(v) Data that exists betw 中 To access the manipulators, the file iomzazzip should be included in the 
”Ween Varlous Versiois 0f a program， rogram. S important ipulator functi h in table 1.2 
(vi Data that outlin cs thc proz 昌 史 program. Some important manipulator functions are shown in table 1.2 -- 


co | 博 Table 1.2 
Ject model glves rise to ob 
ws Ce Very few objectsoriented Pro ns lan 0 44amziprlators 玫 gripalert ios 下 Mt1zctiop 
Support j 
0 四 和 了 ersistence 1S achieved through a mok setw( ) width( ) 
reasonable approach to entire 生 object-oriented database. An setprecision( ) precision( ) 
arelational database. Oprovide an object-oriented sking setfill( ) fill() 
Persistence deals With Setiosflags( ) setf( ) 
more than just the lif。 ，: 央 多 
oriented data ] e life time of data, In ob 
ie ee et 人 the state of an object persist, but its 册 Tesetiosflags( ) unsetf( ) 
yY Indlvidual pro 
this saved state in the sa 1 Cam, S0 tbat every Program interf 
me way. Thi 
the integrity of a database 3aS it clearly makes 计 challenging to matn， The syntax is 一 


cout.width(w); 
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where wis the field widtb 
a field of w characters Y1 
ample， 

40001 b = 600, c = 

cout.width(10); 

cout << a << end1l; 

cout.width(10); 

cout << b<< endl; 

cout.width(10); 

cout << C<< end]; 

Note that the field should be specified for each item separatel 
never truncates the values and,， therefore， if the specified field 
smaller than the size ofthe value to be printed, C++ expands the 


the value， 


For example， 

int a = 48532; 
cout.wWidth(2); 
cout << 3; 
Output will be 一 
4852 


Precision( ) -- It is used to specify the number of digits to be dispk 
after the decimal point of the float value. The syntax is -- 
cout.precision(d); 
where d is the number of digits to the right of the decimalipoint. 
For example， 
cout,precision(3); 
cout << sqrt (2) <<“\n?”，; 
cout << 3.14159 << “mn?”， 
cout << 2.50032 << “mn 
will produce the following output - 
1.141 (truncated) 
3.142 (rounded to the Dearesticent) 
2.5 (no trailing Zeros) 
We can also combine the 
For example， 
cout.precision(2); 
cout,width(S)， 
cout << 1.2345; 


The output will be 


[23 


Cnumber of columns). The output will 


be 、， 
de at the right end of the field. epr 


IN 


3000; 


field Specification with the precision sett 
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Fill( ) -It is used to specify a character that is used 
portion of a field. The syntax is 一 

cout.fill(ch); 
where ch represents the character which is used to fill the unused portion . 

For example， 

cout.fill(“7); 

cout.width(10); 

cout << 5250 <<“n?; 

The output would be 

国 加 四 目 加“ 1 

Setf( ) - It is used toispecify the format flags that can control the form 
of output displayed (such asjleft-justification and Tight-justification). The 
Syntax is 一 

cout.setf(argl，arg2) 
whereiarglisione ofthe formatting flags defined in the class ios and arg2 is 8 
bit field specifies the group to which the formatting flag belongs. Formatting 
fliag specifies the format action required for the output. 

For examiple， 

cout.setftios : : left, ios : : adjustfield); 

cout.setf (ios: :Scientific, ios: :floatfield); 

The table 1.3 shows the flags and bit fields for setft ) function. 


Table 1.3 


FoOr11zat 慌 egzred Eliasg (arg7) 且 纺 jield (arg2) 


to fll the unused 


Left-justified output ios :: le 芒 ios :: adjustfield 
Right-justified output ios :: Tight los ::adjustfield 
Padding after sign or ios :: internal ios :: adjustfield 


base indicator (like + 规 '20) 


Scientific notation 10S :: Scientific ios :: foatfield 
Fixed point notation 1os :: fixed ios :: floatfield 
Decimal base ios :: doc ios :: basefield 
Octal base oct ios :: basefield 


1ogS :: 
10S :: hex 


Hexadecimalbase :: basefield 


Managing Output with Manipulators 一 Theheaderfile iomanip provides 
a set of functions called manipulators which can be used to manipulate the 
output formats. For example, two or more manipulators can be used in one 
statement as follows 一 

cout<< manipl << manip2 << manip3 << itemj; 

cout<< manipl << iteml << manip2 << item2; 
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ith the ios functions as follows ~ SR 
we 人 ae 41zg. A stream 1S a Sequence of bytes. It acts as a SONFCce from which the 
cout.Settf (ios 昌 了 0S); input data can be obtajined or as a destirzafiomz to which the output data can be 
We io (9 sent The source stream that provides data to the program is called the zzpatt 
cout << as Scientific ); gtrea1a and the destination stream that receives output from the program js 
上 MK (10) << 123.45678 called the or 如 二 2 
-defined Manipulators -ecan design ou Ji 仙人 ee be bytes from an input stream and 
Custom/user-de T 0 inserts bytes into an output stream as shown in fig. 1.8. 


(customized) 0 name of the user Input Stream 
pulators for certaln defined manipulator Extraction 
special purposes， The 
Syhtax for creating 3 ostream & manipulator (ostream 人 output， arguments-ifan 
custom manipulator is 《 Li Datpnt rean 
shown in fig, 1.7. ...(manipulator code) manipulator caller and Insertion 
The following return outputi Stream cascading objeet Device 
We ， Ci Mon 了 7.8 Data Sirea17z 
国生 天 The datain theinput stream can come from the keyboard or any otherstorage 
that display “inches ”一 device. A_ sfream acts as an interface between the program and the IJO device. 
文 unit (ostream 信 output) Therefore, a Ci+ program handles data (VO) independent ofthe device used. 
output <<“inches?”; CTHTHF contalins Several predefined streams that are automatically opened 
return output; whien a program begins its execution. These include cin and cout, where cin 
} Iepresents the input stream. connected to the standard input device (usually 
The statement the Keyboard) and cout represents the output stream connected to the standard 
cout << 36 << unit; output device (usually the screen). 
will ee following output Stream Classes -The C++ JIJO system contains a hierarchy of classes 


that are used to define various streams to deal with both the console and disk 
双人 Fat are C++ strea1ns ? Explain mithn teistrea1iliclass 敬 fies. These classes are called stream classes， 
O1 


Jitie sport 1iote of TO streaz1z 
Or 
Dejirrea Strea11 玉 patare 太 e 太 reestreazy 丙 ESseC 矶 PREag 0 加 崩 
Cd botp Jpr ipudtting anad OUIPDIL1zS 2? (本 GPR 了 到 .Juzaze 2070 加 


Or 
Explaizz tje comceptofstreazy 且 CH 1 
1 思 pes of strea1jz. CNd Bipve ipe Pierarcpy ordijpn 


(R.GR 了 Jare 旭 
Or 
玉 Zat are zaput amad OUIDUE SIrea 


The hierarchy of the stream classes used for input and output operations 
With the console unit. These classes are declared in the header file jostream. This 
fle shouldbe includedin all the programs that communicate with the console unit 


(人 .GRIDe 2002，Dec. 3 


1118 2 EDlaizz 1Pema Ti at 本 
( 民 .G 忆 FU 人 
CC1e DZpEazzdortprt SIrea111s 2 Give exa11tple，(RR GPR 隐 .Janre7 中 
矿 jat are ipnut amd OUIDHL 2 人 CR.GPB June 四 
号 ee [人 8 


Or 
JF7ite arzd exXPLaizz 7OD strea11zz 后 


| Fi28. 7.9 Strea11z Classes Jor Cortsole TO Operetioms 
erarcj 雁 CH (R.GP 克 Dec 包 
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In 人 ig. 1.9, ioy is the base class for ZEN12 (input stream) and ay 
(output streamy) which are base cjasses for ;iostreama (input/output 有 
The class ios is declared as the virtual base class So that only one coop 
members are inherited by the iostrea11t. 吕 

The ios class provides the basic Support for formatted and unfn 
JI/O operations, The istreamz claSS provides the facilities for formatts 骨 
unformatted input while the ostrea11z Class Provides the facilities forfo 
output The class iostrea11 provides the 但 cilitles for handling both inpu 
output stream. The table 1.4 gives the details about these classes. | 


Table 1.4 Stream Classes for Console Operations 


10S 
(General input/output 
stream ClasS) 


Contains basic facilities that are used by all o 
input and output classes， 
Alsocontainsapointertoabufferobject Gyeamzpzyobis 
Declares constants and functions that are necesw 
forhandling formatted input and output Operatim 
Inherits the properties of ios 

Declares input functions such as get( )，getlinef 
and read( ) 

Contains overloaded extraction operator >> 
Inherits the properties of ios 

Declares output functions Pa ) afid write() 
Contains overloaded insertion operaton<< 
Inherits the properties of ;joy 8eara amd osfren 
through mnultiple inheritamice and thtus contains 
the input and output functiong 

Frovides an interfaceto physical devices throughbu 全 
Acts as a base for filebuf cla5Siused ios files. 


istream 
(input stream) 


OoStreatm 
(output streamy) 


iostream 
(inputoutput stream) 


Streambuf 


驻 22. ZiSL 7OS class 1prridit Jass ad expiaiza 1Peir rsage 轴 8 前 
exXGC111DLe Or eac1 
Or 


矿 1atis ipepurpose or1OS class ?2717O9 Class 11ags a1td exp1Ci 骨 
Se 0 Sip1128 exa1tple. 


4 The IOS class is the ganddaddy of all the stream clasSeS, 针 
contains the majority of the features you need to operate C++ Stream 
class IOS provides the basic Support for formatted and unformatted 
operations. The three most important features are the formatting fl 多 ， 
error-status fags and the file operation mode 
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Formatting 丘 ags are a Set of enum definitions in IOS They act as on/o 任 
switches that specify choices for various aspects of input and output format 
and operation. The formatting fags are shown in table 1 5. 


Table 1.5s 


dearming 
Skip (lgnore) whitespace on input 


SkipWS 


生 ) Left adjusti6utput [1234  ] 
right Right adjust output [ 12.34] 
intemal Useijpaddinmg between sign or base indicator and 


number [十 1234] 
ConvVert to decimal 


dec 

oct Convertto octal 

hex Colivert to hexadecimal 

boolalpha Convert boo]l to “true” “or”“false”strings 

Showbase Use base iphdicator on output (O for octal, Ox for hex) 
showpoint Show decimal point on output 

UpPpercase Use uppercase X, E, and hex output letters (ABCDEF) -- 


the default is ljowercase 

Display + before positive integers 
Use exponential format on floating-point outpnut 
[9.1234E2] 

Use fixed format on floating-point output [912.34] 
Flush all streams after insertion 
Flush stdout, stderror after insertion 


showpos 
SClentific 


fxed 
unitbuf 
stdio 


There are several ways to set the formatting flags, and different ones can 
be set in different ways. All the flags can be set using the setf( ) and unsetft ) 
IOS member functions. Look at the following example -- 


cout.setf (ios :: left);，VW left justify output text 

cout >>“This text is left-justified”; 

cout.unsetf (ios :: lef; /retur to default 
/right justified 


Many formatting flags can be set using manipulators- 


@.23. Bow cazz we ereate orr om1z 11aG1tDHLators ? 


41zs。We can create our own manipulators for certain Special PurP0Ses. 
The general form for creating a manipulator without any arguments 1S 3S 
follows -- 


， 1 /11/-Serm. 
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ostreanm 芭 manipulator(oStream ee 
人 These classes， designed to manage the disk files, are declared in fstream 
本 宝 汪 and therefore We must include this file in any program that uses files， 
2 (code) The table 1.6 shows the details of file stream classes， 
3 Tapble 1.6 


returm output; 


】} 


Here, the manipulator is the name ofthe manipulator under creatio 


Its purpose ls to set the 和 le buffers to read and write Contains 
Openprot constantf used lm the open( ) of file stream classes. 
Also contains close( ) and open( ) as members. 
Provides_operations common to the file streams. Serves as a 
base for fsStreamy fstreaim and ofstream classes. Contains open( ) 
and_close( ) fnctions. 

Providesiinput Operations. Contains open( ) with default Input 
丰 0ode. Inherits the functions get( )， getline( ), read( )， Seekg( ) 
afiditellg( ) functions from listream， 

Provides output operations. Contains open( ) with default outpnut 
mode. Inherits put( ), seekp( ), tellp( ), and write( ), functions 
位 om ostream. 

Provides support for simultaneous input and output operations. 
Contains open( ) with default input mode. Inherits all the 
functions from istream and ostream classes through iostream. 


filebuf 


example 一 
ostream 久 currency(ostream 久 output) 


fstreambase 


output <<“RS”; 
return Output; 


iftstream 


} 

If we use the Statement 

cout << 100 << cuUrrency， 
then the output will be 

100 Rs 


@C.24 Ce na1ite azd descriptiom or variors tirea71z Classey, (| 人 treanma 
exQ111DLes Oo 太 ji 1S48e. 


ofstreaim 


4715。 The LO system of C++ has a set of classes that dERnRthe| 
handling methods. These include ifstream, ofstream and fstreaml Thesee 枉 Exampie 一 


are derived from corresponding iostream class. The fi _1.10 sh 亿 全 村 写 人 
class for file operations. 二 1 镶 nclude <cstdlib.h> 


void error(const char*p，const char*p2 = ”) 


Cerr << p << 2 p2 << “mn 7”; 
std : : exlt(] ); 


iosstream Int infi 兴 
File streambuf Int maln(int argc,，char*argv[ ]) 
配 国 if (argc ! = 3) error (“wrong number of arguments”); 
std : : ifstream 他 om (argv[1]); Wopen input file 
// stream 
if (lfrom) error (“cannot open input file”, argv[1]); 
全 天 人 std : : ofstream to (argv[2]); / open output 
人 /W file stream 


让 (lto) error (“cannot open output file”, argv[2]); 

char chi; 

while (from.get(ch) to.put (ch); /copy 
/characters 


if (Ifrom.eoff ) /W !to) error (“something strange happened ): 


fstreambase 


Fie. 工 
如 770 Smreama Closses 1pr Fl1e Operatiors (Comtaiped 六 Jred11 硬 
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0.25. 开 Fite z BrierabontS1rEC1 ad 妨 DEeS OF strea11zS， Give ， 


4 下 
description of VariorS AS17rea71 111e 太 0045， (R.GFF， Dec 20717 June 1 Similar to inserters, We can create exrtractory by overloading the input >> 


dns Stream ang Types of Stream -- Refer to Q.21. | operator relative to a class in which it is used. The general form ofan extractor 


function is as follows 一 
.24. 
本 istream 文 operator >> (istream 色 stream, class-name 上 objecb; 


0.26. FIite Short 110 友 O1L OSIFEC111 { 
dg An ostream (output stream) 1S 3 mechanlsm for convertin 本 
of various types into Sequence of characters. Usually these chara 和 0 ody of extractor Teturn stream，; 
then output using lower-level output operations. The ostream class bn } 
output or insertion activities. The following table shows the most c0 Extractors returmn a reference to stream, which is of type istream 


used member functions of this class. The last four functions in table 1 CQ.28. 17ite spoFzjaote Oiles 


specifically with disk files. 


下 pe1zctioFz 


< 所 


41ts. Atfilejisiaicollection of related data stored in a particular area on the 


disk,. Programs can beidesignmed to perform the read and write operations on 
these files. 


Table 1.7 


了 erPose 


- TheiIM@ system of C++ handles file operations which are very much 
Formatted insertion for all basic (lsimilar to the console input and output operations. It uses file streams as an 


overloaded) types. interface between the programs and the files. The stream that supplies data to 
but(ch) JInsert character ch into stream， the program is known as input stream and the one that receives data from the 
fush( ) Flush buffercontents and insertnewli ProOgram 1S known as output stream. 
write(str，SIZEE) Insert SIZE characters from arTayi Input Stream 

jnto file. - Read Data 


Data Input 


Data Output 


Seekp(position) Set distance in bytes of file pointeffo 


Start of file. 

Set distance in bytes OfGle poOinter fro 
specified placejinifile. Seek difr cank 
ios : :beg, ios : : curgaor io  : end. 
Retufna positiofmiof file pointer in byte 


seekp(position, seek_ dim 


Output Stream 


Write Data 


下 妇 . 7T.77 Fe 111DUE G1G Outpnt SIrea111s 

O.27 17ite OFEROte in The input operation involves the creation of an input stream and linking 让 
1 sa xiactors G11G 272Serters。 with the program and the input file. Similarly, the output operation involves 

11S. lt is possible to overloadithe IO operators relative to atlestablishing an output stream with the necessary links with the program and 

at We create，When we overload << operator for output， welthe output file， 四 


pos =tellp() 


followinag form - 7 iserter An Inserter has @29 om explaizz 1je streaxmz adjiles opbject orierzted progra11z71tizzg ? 


ostream 作 operator << (ostream 六 stre 1 浊 人 
ai，clasS- bject); 
人 @.30. 厅 1at is ie maode ?2 Descripe the various ie mode optioms 
”GpaiLapb1e. (有 .GPRF，Dec 2070) 
和 // .Body of inserter return stream: 411S. File mode specifies the purpose for which the file is opened. The 


general form of opening file with the file mode is as follows -- 
An zi ， stream-object.open (“filename” mode); 
?Zerter Teturms a reference to stream, which is of 区 pe os eg 人 ] pen ) 
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The 包 e mode para 
class ioy. The table 


Para1ieteEr 
app 
ios :: ate 
jos ::binary 
2 im 


d Prograrmrming & Methodology (II -sem.，CS- 


meter can take one OF more Constants defi 
1.8 shows the file mode parameters. 


Table 1.8 


Sranoh 
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& 上 
4 及 Afie can be opened in two 了 一 
人 (Using the constructor function of the class. | 


Thearzzzzg (iD Using the member function open( ) of the class. 


Append to end-of-file The first method is useful when we use only one file in the stream_The 
second method is used when we want to manage multiple files using one 
Streatm. 


A constructor is used to initialize an object during its creation Here, a 


Goto end-of-file on opening 
Binaryfile 
Open file forreading only 


flename is used to initialize the file stream object. The creation and 3aSSlgnment 
Open fails 计 the fie does not exist of file name to the fleistream object inyolves the following steps 一 
Open files ifthe file already exists (D Create a file streamm object using the appropriate class depending 
on the type of the file stream required. 

(in Initialize the fileobject with the desired filename， 


ios :: nocreate 


ios ::noreplace 


… out Open file for writing only 


"trunc 证 多 With the first method,ywe open the file for output 


人 G) ios :: app and ios :: ate take us to the end of the file Whai ofstreaim outfile(“result7); Woutput only 


opened. The difference between the two parameters is that the ios 1 
alows us to add data to the end of the fle only, while ios :: ate mode pa 
us to add data or to modify the existimg data anywhere in the file. 


and sitmilarly forinptt 
ifstream infile(“data”); /input only 


In thesabove statements, the outfile is created as an ofstream object that 
ages the output stream. This opens the“result” file and attached it to the 


output stream outfile. The infile is declared as an ifstream object and attached 


iD Opening file in ios ::out mode opens'it in the ios :: frincnit to the file data for reading (input). 
by default. 8 


(The parameter ios :: app can be used only with the files 缉 man 
of output. 


With the second method, files can be opened using function open( ) to 
(iv) Creating a stream using ifstream implies 让 put amid creaiopen multiple files that use the same stream object. 


stream using of stream implies output. In these cases, moOode parametef 


For example, 计 we want to process a set of files sequentially，we may 
not necessary to provide， 


create ai Single stream object and use it to open each fileas follows - 
file-stream-class stream-object; 
Stream-object.open(efilename>); 


(Y) The fstream ,class does nat provide a mode by defaulbs 
must provide the mode explicitly when Using an object of fstream cla8 


(vD The mode can ca 
operator (Symbol |) as follows 


2 呈 本 bitwi The connection with a file is closed automatically when the stream object 
explres (when the program terminates). 


fout.open (“data” io We can use to disconnect the files the statements as follows 一 


Sapplaos :: nocreate) 


C.37. oplain 态 e process or Peipag amd closipg a Jile. 
Or 


eeeeeeee 本 名 放 四 自 


er 前 outfile.close( ); /disconnect from outfile 
EC CQ closed expDlicity 了 0P1O 


ifstream infile(“salary”); 
0 (CR.GPP .Jare 2011 
太 


Pailielizirg a 7 : ol 
HtDje 1 八 ce go 所 交 infile.close( ); /disconnect from infile 


Descripe pomw camyiles 1e OpDeH 


Nat is zzzeapit 2 
or doipg 江 2 Gipe exg 
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1pe rpctiom 加 限 
0.32. Explaipn tjpe jie POPIHeTS a1al 11pe Jor tpe an Unit-1 35 
te Ji1e Pointers. Now， consider the following statements 一 
5 刘 
411s. Each file has two associated pointers that ls called the je 站 ofstream fileout; 


One of them is input pointer OF get pointer and the other is output 纸 fileout.open (hello ,1os : : app); 
put pointer We can use these pointers to move through the files While 中 int p = fileonut. tellp( ); 


oOT Writing. . On the execution of these statement, the output pointer is moved to the 
When we open afile im read-only mode, input polnter automaticaly， end ofthe file “hello”and the value ofPvill represent the number of bytes in 

the beginning So that We Cam read the file 位 om start. When we open afthe file. 

write-only mode, the exjsting contents are deleted and the outpnut pointsri 

to the beginning. This enables us to write to the file from the start 


“Hello”File S$ eekg(offset， refposlition); 


Open forReading only | H | 了 | oo 人 R 四 口 seekp(offseb Tefpositiony 
Input Pointer The paramieter osefTepresents the number of bytes the file pointer is to 


be movedifrom the location specified by the parameter re 因 osirionm. 
回回 四 丁 四 本 四 回国 四 口 


Output Pointer 


Seek functions SeeHg( ) andseekpg can also be used with two arguments 
as follows 一 


Openin Append Mode 


The 7ejPos 店 oz 弓 kes one of the following three contents defined in the 
(for Writing more Data) 


iosiclagsSs 三 


ios :begE Start of the file 


nn ios : : cur .， . Current position ofthe pointer 
HEL 本 :oa Endofheme ， 
1 Output Pointer ， 


- The seeke() fanction moves the associated filexs 'get* pointer while Seejp( ) 
Fig. 了 72 dctiom 1por Fie Poipter 7zle Ope 而 mg GEile fnction moves the associated file”s put polnter. 


于 we want to open an existing file to add moreidata 全 e 人 1 呈 0 The table 1.9 lists some sample pointer offset calls and their actions. /pzi 


append， mode， This moves the output pointer to the endiof thietfile (Ge 
of the existing contents). 


Table 1.9 


ee Manipulation of File Poinmters Al the actions ol 
Te 上 "ce automatically by defaut Theifile Stream classes SU 

e fo owing functions to manipulateithe Situations 一 
(从 seeks() - It miove 


fout.seekg(o, ios :: beg); 
fout.seekg(o, ios :: CUTr); 
fout.seekg(o, ios :: end); 
fout.seekg(m, ios :: beg); 
fout.seekg(m， ios :cur); 


汪 


Go to start 
Stay of the current position 

Go to the end.of file 

Move to (mn + Hth byte Inthe file 

Go forward by m byte from tbe'`current 
position 

Go backward by m bytes from the 
culIrent posltion 


or example， 
infile.seekg(1 0); 


file Re 和 后 the byte number 10. Note that the by 
nin 进攻 j 
' the 11th byte in the fle “mm zero Therefore, the pointer will bepo 让 foutseekg(-mn ios :: end) 


fout.seekg(-m， ios :: cur); 


Go backward by Im bytes from the end. 
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jec 


jetio1ps SUHDported 有 .1ile streamza 
et 人 全.GR 证 June 2009 De 
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0.33. 


10118 ? 
performing ID operdtO1S : 琶 


Petiozs ortpe zR1rea11i GT11C OHS1rea11z class 1 cj 
iDHUL QHU OUD 呈 Mi examazpiey 和 
(R.CGPP Dec ) 
dg The file stream clasSeS Support ne ne functin 
performing the input and output ne 。 Te 0 get( ) funu 
are designed for handling a single CE ks of bi 站 e( ) an 
functions are designed to Write and read bloc s of binary ata. 
put() and get() Functions -The function put( ) writes a Single chan 
to the associated stream. Similarly， the fonction get( ) Teads a Single chan 
fromthe associated stream. The following program Shows how these fo 
work on a file. First, the program requests for a string. On Teceivin 
string, the program wiites ib character by character, to the file using thev 
function in a for loop. for loop is terminated by using the length ofthe 导 
Then, the program displays the contents of the file on the screen， Theg 
function is used to fetch a character from the file and continues to do S0t 
the end-of-file condition ls reached. The charactertread fromthe file is dis 册 
on the Screen using the operator <<， 
/LI/O Operations on Characters 
失 include <iostream.h> 
#include <fstream.h> = 
#include <string.h> 
int main( ) 


T1ustrete 纺 e 7 
iDUEUNd OU 三 61G 111EFZC 


dd 


char string[80]; 

cout << Enter a string \n>”; 
cin >> String; 

int len == strlen(string); 


fstream file， / input and ou 她 utistream 


file.open(TEXT>， los :: in | ios 记 : 

for(int 二 0; i<len; i++ 二) 的 
ID) /pata character to file 
in 中 ; 内 go to the start 
while(file) 

{ 


各 eget(ch; / get a character from file 
cout << ch， 


/W/ display it on screen 


Teturn 0; 


Unit -1 37 
write( ) and read( ) Functions - The functions write( ) and read( )， 
unlike the functions put( ) and get )， handle the data in binary form. This 
means that the Values are stored lin the disk fle in the same format in which 
they are stored in tbe internal memory. Fig. 1.13 shows how an int value 2594 
is stored in the binary and character 各 rmats. An ipt takes two bytes to store 
its value in the binary form 1Irrespective to its size. But a 4 digit int will take 
four bytes to store tt in the character frm. The binary format is more accurate 
for storing the numbers as they aielstored it in the character form， 


天 -一 2bytes 一 一 | 
Binary Format|100001010 00100010 


Character Format 2215s 9T3 
| 一 4bytes 一 -~| 
Fi8. 了 工 73 Bizd 由 Gad CRaracter 下 ormiafs oramz 1zateser IO1ue 
Thesbinary format is more accurate for storing the numbers as they are 
stored in the exacffinternal representation. There are no _ conversions while 


saving the data and therefore saving is much faster The binary input and 
outpltit fanctions takes the following torm 一 


infile.read((char*#) 此 V, Sizeof (V)); 
outfile.write((char*) &V, sizeof (V)); 


These functions take two arguments. The firstis the address ofthe variable 
V and the second is the length of that variable in bytes. The address of the 
variable must be cast to type char# (i.e., pointer to character type). Program 
given below shows how these two functions are used to save an array of float 
numbers and then recover them for display on the screen. 

/IO Operations on Binary Files 

芒 nclude <iostream.h> 

#include <fstream.h> 

#nclude <iomanip.h> 

Sonst char * filename =“BINARY?， 

int main( ) 


float height[4] = {175.5, 153.0, 167.25，160.70}; 
ofstream outfile， 

outfile.open(filename)， 

outfile.write((chare) & height, sizeoftheighb; 


outfile.close( ); / close the file for reading 


led Prograrmming & Metihodoj1ogy (Wi-Semm.， CS-Branch 
ect Orente 


for(int =0; 到 4; 计 十 ) 
height[j = 0; 

ifstream inflle; 

infile open(flename); 

infileread((char *#) 必 height， 


for(i=0; i<4; i 十 ) 


0 // clear arTay from memory 


sizeof(height)); 


cout setfios::showpoint); 
cout << setw(10) << setprecision(2) 
<< height[i]; 
} 
infile.close( ); 
return 0; 
} 
The output of Program would be 一 
175.530 153.00 167.25 


G 


ENCAPSULATION AND DATA ABSTRACTION, CONCEPT OF ， 
OBJECTS -- STATE, BEHAVIOUR AND IDENTITY 


汪 


O.T FTite SRortPote OF ezCaDSHULCEOP 大 OOPS. (RCRF， .urze 2073) 


.471s. The process of compartmentalizing the elements of an abstraction 
that constitute its Structure and behaviour ls known as encapsulation; 
encapsulation Serves to separate the contractual interface of an abstraction 
andiits implementation. 


Encapsulation is the wrapping up of data and function into a single unit， 
Tie most important feature of class ls data encapsulation; because data is not 
accesSlble to the outside world and only those functions whlich are wrapped in 
the class can access it. This insulation of data from direct access by the 
brogram js referred to as data hiding or information hiding. 

A process ofincluding in an object everything itneeds, hidden from other 
objects in the system is encapsulation. The internal state of an object is not 
directly accessible from outside and cannot be changed by external changes 
to the application. Likewise， changes to the internal implementation details are 
made without affecting the external interface. 


@2. 玫 pat are 太 e adparttases or emcapsrlariozz ? 


41zs.The object-oriented class and the objects drawn from class 

encapsulate data and the operation that work on the data in a single packasge. 
This offers us following advantages 一 

DThe internal implementation details of data and procedures are 
hidden from outside world. This minimizes the propagation of side effects 
when changes occur 
GD Data structure andthe operations that manipulate them are merged 
e named entity-class. This allows component reuse. 
(iD Interfaces among encapsulated objects are simplified.An object 
SamesSage does not require details of internal data structures. Hence， 
ng ls simplified and the system coupling tends to be minimized. 


in a singl 


that send 
Interfaci 


4 Dbject Orienled Programmipg & Methoaology (1-Sem.， CS-Bman 
。 C 


了 Betzs dt jidizpg ?Domiizdonreimobjecr orien 


0 1ek 
datz jztgizg 2 (六 洒 
Mizg ? 了 Nat dre 态 2 attpa7ztages 0 8 (R.GPF 


Or 由 
pzet do yo zea11 凶 加 /fprmaatiom pidipg ?2 (有 RG 已 权 7 志 


dns. The wrapping up of data and functions into a singje uniteal 
is encapsulation, Jhe data 1 not accessible to the outside world | 
those functions which are wrapped the class can access if These 二 
provide the interface between the objects data and the program. This 
of the data from direct access by the program is called datr 
zj/prmiation Hidiz8， 

The primary mechanism for hiding data is to put it in a class and 
brivate. Private data or fonctions can only be accessed from within the， 
Whereas public data or fonctions are accessibjle from outside the 二 四 


Data hiding means hiding the data from parts of the program that dh 
need to access it More Specifically one class”s data is hidden from v 
classes. Data hiding is designed to protect well intentioned Programmersf 
honest mistakes. 


上 


Inst 
用 砚 


Frogrammers who really want to access private data but they w 让 入 
hard to do so by accident, This is the Significance of data hiding, 


Also, data hiding helps to achieve encapsulation which is the pr 本 
hiding all the secrets of an object that do not contributejio 这 6S8 经 
characteristics; typically structure of objects and implemen 人 tion ofif 和 地 
is hidden， 征 


Advantages of Data Hiding -- Refer to Q.2. 


”，@I Dejinre TerSaDit ad datz Hidi7zzp。 ( 民 .CPF，Dec 胃 


4118， Reusabiliy -~ In object oriented prIogramming，the conc 如 


inheritance provides the idea of IeusabilitY This meansthatWwe can add ad 
features of an existing 


class without modifyingit This is possible bydf 

5， 4 posslbje py 0 

2 new class from the exlsting one，The hew class will have the cor 邮 
of both the classes. The Ti appeal and power of the inhef 
mecnaanlsm ls that it allows the pbIOgrammerto reuse a class that js almot 


Rn exactly， What we Wants, and to tailor the class in Such a way thaf 
not Introduce any undesirable side ef 


2 iects into the rest of the classe8， 
Data Hiding -~ Refer to Q.3. 
@3. Dejizre und exPlei abstraciomz 


OO 
115zte sport jzote OP data abstra 


Including the backgrouind details or expjlanations.Classes use the co 人 


abstraction and are defined as a list ofa 


and cost and function to operate on 了 hese attributes， They 
essential properties of the objects that 


Since the classes use the concept of daita abstraction 
Abstract Data TIypes (ADT). 


ni -141 


bstract attributes Such as Size.， weight 


The process of deciding what parts of a real world object are essential to 


modelingthe solution toia particular problem is caljed abstraction, Abstraction 
is the representation of all the essential featur 


es of an object, which means its 


possible states and behaviours. These are encapsulated' into an 'abstract data 


type"” which defiaeJhow all objecin class (type) ofobjectare to be represented 
and how they behave: 


Abstractiofm is a mechanism that enables the designer to focus on the 


essentialidetails ofia program component with little concern for lower-level 
deta 让 Abstraction 生 a relative concept. As we move to higher levels of 
abstraction welignore more and more details， le., we give a more general look 
of a conicept or item. We give a more Specific view of a concept or item,， as 
We movVetolower levels of abstraction, we introduce more details. 


Abstraction permits one to concentrate on a problem at some level of 


geneialization without regard to irrelevant low-level details; use of abstraction 
alsO permit one to work with concepts and terms that are familiar ip the 
problem environment. 


At the highest level of abstraction, a solution is stated in broad termas 


usingthe language ofthe problem environment. Atlowerlevels of abstraction， 
amore procedural orientation is taken. Problem oriented terminologyis coupled 
with implementation-oriented terminologyin an effortto state asolution Finally， 
at the lowest level of abstraction, the solution is stated in a manner that can be 
directly implemented. 


全 6. Expiaipz about abstract data tppes it Droper exG111DLEY. 
(R.GRF，Dec 2077 
Or 
Explainz abstract data tpe ip exa1p1e. 有 pat ore 芽 Gdparttagesy ?2 
(R.GCPF，PDec 20713) 
Or 
矿 jat are dbstract data tpes ? 
Or 


( 民 .CGRF，.J1aere 2076 


Dejizze abstract data tbpes. {RR.GPF，Jurre 207 逢 
dzts. Theterm datatype defines the typeof data which a particularvariable 


ctiopy (RCR 了 Dec 有 can hold -it may be an integem a character a floab or any of a range of simple 
内 2 四 近 让 
411s, Abstraction referstothe act 6firegiesenti :feat w 他 data Storage representations. However when webuild object-oriented systems， 
entmgessentlal fe 


d Programming & Methodo/ogy (Wi-Semm.， CS-erano 


atatypes,known as bstract datz tpes， which 


For exampje,， We might be interested in repbres 中 


hich describes how all bank accounts 机 
表 


42 Object Orienfe 


weuse InOIE complex d 
more realistic entitieS，. 
cbank account data type, 
in 3 ee is about reducing complexity， ignoring unn ecessa 
An abstract Tepresentation of something is Supposed to contain the 昌 
features of what is being represented, For example， realisti c painting' 
allthe details seen by the eye， Whereas an abstract painting inten dst 
the essential features of what is belng Seen， 

Another key point about an abstract data type is that 计 represents 刘 
common between all examples of that particular thing, not just an indivil 
example. An abstract data type for “coffee cup ”would be a Iepresentatin 
all the things that are common to all coffee cups, not just a tod 
means that an abstract data type contains no Values, it only defines the 
of data or data structures which together will define the state of an 
that type， 


Advantages of Abstract Data Types -The advantages of abstractt 
types are given below -- 


( 纱 Represeritatiom Tradeperademce ~- Most of the program 
becomes independent of the abstract data type s representation 避 证 
Iepresentation can be update withonut breakingt 


he fo]] program 
( 切 Moduiarip - With Iepresentation independence the gif 
parts of a program code become 


less dependent on ther Parts and on 
those other parts are implemented. 


《2 动 ) Ttercjarseabinity OParts -- 
abstract data type can have di 


0 eth 


y objey 


Differentimpleimentatioms ofl 
| erent performancejfeatures with abstractt 
types, itbecomes easjier for each part ofa prggram codetoiuse am implementt 


of its data types that will be more efficient for tat Specific part ofthe progf 


CQ7 Zat tpe or a5stractiom 这 e111DLOJed 玩 
(2 Procedure 


(人 Opject-orierted DroSraNa71z1715 2 


3 
4rzzs. Table 2.1 lists 也 。 (及 .Crme 
abstraction they employ. “Programming Styles with the different type'! 


Table 2.1 Types of Programming Paradigms 


Progr 171121112720 ,887 
| osgrammiag SO SS 人 人 4bstracriom EDp1oyed 
Obj ect-oriented 


( 
Algorithms 


lasses and objects 
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(R.GRF Dec. 2005，NVov 2078) 
41s. An object has property, state, behaviour and identity The term object 
andinstance are interchangeable. Objegt is uniquely identified by its name and 
itdefines a state which is representedbythe values ofits attributes at a particular 
time. The object's state changes on the basis ofthe methods which are appblied 
to it. These possible sequencesigfistate chiange are called as behaviour of the 
object. 
The object's behayiour isidefined by the set of method which can be 
applied on it. Property specifiesicurrent state of an object， 


Generally, an objectiepresents an individual identifiable item unit, or entity， 
either real or abstracti with a Well defined role in problem domain. The basic 
run-time entities in amnobject oriented paradigm are called objects. They may 


represent a placei a person, a bank-account, a table of data or any item that is 
handled by the pfogram. 


CO.92JExplCimz deremttypes oropbjects. (R.GP 了 Dec 2005, Nom 207 &/) 


4as. Ihere are fourtypes ofobject which we may instantiate in a program. 
The firstthree are objects with specificnames,butthe fourth, dynamic objects， 
caiinot be identified in this way 一 


人 ”Exterzal(GClopaD Opjects - An external object is one which is 
Persistent and visible throughout a program module 一 i.e. its scope is an entire 
module (source file). It may also be made visible in other modules. Objects 
which fall into the category of “external' would be one whose number and 
identities remain constant throughout an application. 

( 翅 4utomaatic (Local Objectks 一 As wellas external， global objects， 
we may also have a number of locally declared automatic” objects 一 objects 
which exist in a predictable manner for a particular period of titme. The key 
difference between an external and an automatic object is that whereas an 
automatic object is instantiated within the Scope of part of a program module， 
an external object is instantiated outside of any scope (in C++ Scope ls defined 
by braces). “Automatic， objects are automatically destroyed when they 但 1L- 
out of the scope in which they were instantiated. 

(Ci Static Objec - We know that external objects are persistent 
and visible throughout the lifetime of a program，whereas automatic objects 
are Only persistent and visible within the Scope in which they are declared. 
There is also the possibility in C++ to explicitly declare a variable or object 


Which has the scope (in terms of visibility) of an automatic object but the 
lifetime of an external object， 


(tw Dymaamaic Objects - Lifetime may be controlled within a 
particular Scope. 
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O.10 How car me decide 1he pe and scope oF 5 ia clasy ， Unit -1 45 
全 过 。 F Dec Advantages of Global Object - 
dg When we createanamed object a es lts ee vi objects are as follows - 
is controlled only by its SCcope. Named 和 as Tee type | (D 区 can be access in whole class 
全 4utomnatic Object 一 Objects 下 SIC the local' (iD Only one global object can 语 used 
of a function or other structure with its body defined by braces. met class， 
exist While they are 训 ae . Disadvantages of Global Object 三 
(人 Externaal Opjects -- 和 In any fn global objects are as follows - 
body These have 'file scope” and exist or t 人 Program GD) 于 variable has declared as 图 obal it canno 
(ii Static Opjecks-Objectinstantiated inside local sco 


， Pe andha，the same name in th 重 funictioas， 
local visibility, but persisting from their declaration to the end ofthe prog 


gramrming & Methodology (WiSem., C S-Braney 


There are several advantages of global 


inall function declared in that 
There are several disadvantages of 


t declared as local with 


(D) Itis time consumimgimeans when one function does not need to 
@C.17T. 邦 jat are glopal amd 1ocal opjects ? 471so exXD1ai7z Mat 四，、the global variableyet compiler reads the global vari 


able when object call the 
Miderstia11d 8) Object Te tte. (.CGPT June 轴 class， 


41S. Refer to Q.9 and Q.10. Advantages of Local Object - 


， ject s follows -- 
@.712. Di1eremtiate jetween glopal and 1oca1 Op1ects. objects are a 
advartases dzd disadvarztasges. 


There are several advantages of local 
太 CC Hi (CD It can be access in function bodies in which it is declared 
(R.GR Dec (人 Diflterent-different local objects can be defined in different 
4rts. The difference between global and local objects are as follow、 本 ffe 全 fn 

9.NVo. Clopal Object 


ii Local objects can be defined when function needs， 
Global objects are declared out- 


Local objects are declared ji 语 训 Disadvantages of Local Object - There are several disadvantages of 

Side the function bodies. function bodies. local variable are as follows -- 

| can access the glo- 全 和 De in Which 井 (D If object has declared as local it cannot declared as global with 
objects. Object ls definedican access ju 


Zocal Object 


iset the same name in the class and cannot declared as local in other function， 

objects. 

Global object does not get first | Local object gets firstipreceden 《GD It has limited scope. 

ee kibD Local object of one function cannot be used in other function 
oOT example - 琶 . 

#include Si AL 让 UVv) It consumes more memory because specific task has Specific 

de <constream.h> 丰 ncluda<consfieam h> local variable. 

class text 


class text 


73._ Di7eremtiate jetnpeem plopal amd 1ocal Op1jecks. 
public : 人 (R.GRP .Jroae 2072) 
:1 public : 
Void show (cha 诗 4 
人 “ ee WO Compare ipe glIopal amd 1ocal objects. (RCRF， Dec. 20771) 
人 cout << “mn ”<< ci; 412S. Refer to Q.12. 
; @.I4. .Dierertiate between static aad dyzzamaic Object 
text g; / global object declarati MHR (有 .CEPF， Junre 2072，2076) 
void main() | ，Yoid main( ) 项 


text local， 则 Comipare 矶 e stafic azzd dmaamaic objects. 
/local object declars 


(有 R.GPF，Dec. 2077，.7r1ze 2074) 
6 | 
local.show (Loc8 


bi -4723.There are Several differences between static and dynamic objects 
/call using local 0 are given below-- 


: : g.Show ( Global); 
/ call using global object 
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Statdic Object DJaamzic 0O8 汪 Unit- 儿 47 


its memory | A dynamic object getSY、that ofa variable ofany basic type. The necessary memory space is allocated to an 
allocated at runtime 上 了 objectat this stage. Note thatthe class specification, like a structure, provides only 

玉 you define an array a je11DLCIE and does not create any memory Space for the objects. 

length as dynamic 避 Objects can also be created when a class is defined by placing their names 

length can be change 民 Je immediately afterthe closing brace, asWe do in the case of structures. That is 

It is not faster for parti mu to say, the definition 

elements. culars class class_name 


站 


A static object gets 
preallocated before runtlme. 
Ifyou define an 3aTTay of length 
five as static object, its length 
cannot be change at runtime. 
Jtis faster for particular Set of 


elements， 


0.15. at 53 zea11t Ze Upe oamn oprect ? Co7rpahe 而 RE 
damaic Op1eclS， (R.GPF D ES 
41g. Referto Q.10 and Q.14. ee 
0.16. Exwpiaiztpesignicarce ordata zzd2125 JAZZ az exXa11zple C ee 
Static oznd da11t1ic Op1jects， (人 R.GP 克 7 x, 闵 坟 
418. Refer to Q.3 and Q.14. _ would createthe objectx,yandzoftypeitem. This practice is seldom followed 


1 ) 。 。 because We wild liKeito declare the object close to the place where they are 
人 ofoh used afid notf at tie time of class definition， 


帮 .C 忆 交 
418. Following are the differences between ， ee O.718 mae 现 od japlemmzent 态 e gepaviorr or er opjeckt Just 

G) Anactipeobjectis onethatencompasses its own thread 全 pg Method is defined forthe class and objects use the method to perform 

Whereas a passiye object does not cad 0 本 二 actibn. Each method is synonymous with abehaviour or a series of methods， 
晤 人 whicf when executed，constitutes a behaviour The object on which method 
了 nomous meanlmng 由 attt operates is called thereceiver objects， operating through its attributes and methods. 
goperated upomby another object, 0 
y undergo a state change 砚 hien ex 引 


本 (iD Active objects are generall 
exhibit some behaviour withoutbein 


other hand, passive objects can onl 


0.20. HIite snort1iote of opject as Sojipare 1170OdU1es。 
acted upon. 


人世 琶 和 ck -4712zs. Objects are software Tepresentations of real-world entities. To capture 

8 De Serve as the Toots of control. Ifour system iml the features and capabilities of Teal world， object consists of both attributes 

ss then we will usually, haveiiiiulfiple active objek and operational information. An object is asoftware bundle of related variable 

WE 人 nta Systems, usually Have exactly one active object: and methods， Software objects are often used to model real-world object that 
obje we find in everyday life. 


ct responsible fo 
messages, In su : rmanaging an event loop that dis . . . 
S ch architecture all other objects are passive, and ie Objects are central idea behind object-oriented programming. Object- 

? oriented programming treats data as a critical element in the program 


ultimately triggered by messa 
ges omion 。 . :va 
er Operates on other objects but iis 0 中 人 ee That is, p 8 development and does not allow it to flow freely around the System. It ties 
Perated upon by other objet _data more closely to the functions that operate on it, and protect it from 
1e 态 ep created 2? (R.CGPF Dec 外 accidental modification from outside functions. OOP allows decomposition of 
Once a class has problem into a number ofentities called objectandthenbuilds data and functions 
using the class name nn D Created，we can create variables of that 韦 ee ee 本 
和 。 example， In object-oriented programming (OOP)，an object is a self-contalning 
SS_hame X; /memo entity that consists of data and procedure to manipulate the data. Objects are 
the thing,， we think about first in designing a program and they are also the 
, the class variables are Imow units of code that are eventually derived 人 om the process. An object is what 
class_name. We may als0 d actually runs on the computers. 


CI8. Zarare Objects 2 再 om 了 
4ms. Object - Referto Q.8. 


Iy for X is created 


JSem，CsS- 
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21。 Not 生 daG7NEC Jalizatiom OF object 了 邦 J 站 交 志 而 区 尖 蔷 

2 天 人 ef 和 
0 芷 accomplisjed ee 人 包 nction 13 5 
。 人 Thus in maln 
PNatd is dm iialization orobyect ? v ZN ZUDortance 内 
exg1iple 0W 首相 iipJemae1tted PITOS ONE 2 ( 权 .GR 了 Dee ， 


3 ec 1 
OO/ 扣 我 十 十 友 和 
四 5 5 02.22. J17ite da PrOgFraHE 7 严 1O deraofrstrate 态 e creatior at rsSe OF 
Po 这 dianaic nilializato oropbjects acjieyred ”(RR.GR 的 Dec ; 


alled automatically wheneveranew object type counter is created. 
(), the statement 

Counter c1，c2; 
not only createsS two objects, but also initializes their count variables to (0. 


Ca1EC Orect. 


411S. Dynamic initialization of objects refers that 人 Initial value dg The followingprograrmn demonstiates the creation and use ofdynamilc 
UedaytCprovidedduringruntime Oneadvantageofdynamicinitaln objects 一 
is that we can provide various in 诅 allzation formats，using overl #include <iostream.h> 
constructors. This provides the flexibility of using different format of 0 <string h> 
cla 


run time depending upon the situation， 
Consider the example COUNTER which provides a counter variablt private: 
can be modified only through its member functions. char coloiir[10] 


让 countercpp public: 、 
/object represents a COUnter variable car(Char ， ee 
#nclude <iostream.h> Ghar# getcolour( ); 
ER ca :Car(ciar* colour in) 


class Counter 
strnmcpy(colour，colour ln，9); 


private: colour[9] = “0?; 
unsigned int count' // count 
pu SR 人 charr car : : getcolour( ) 
: COuni // constructor 

Se Ce return colour; 

红 1 / incrfement count 1 二 

Int get_count( ) 

{return count;} /Feturm ca car *# cars[10]; / declares an array of ten“car” object pointers 
Rs cars[0] = new car( Red”); 
int main( ) cars[1] = new car( Green ); 
cars[2] = new car(Yellow”); 

Counter cl,c2; 1 cars[3] = new car(“Blue”); 
cout <<“mcl=”<< clpcet Nidefine and initialz cout << cars[0] 一 > getcolour( ); 
cout <<“nc2=，<< co 国 的 上 / display cout << :GaTIS[L] 一 > getcolour( ); 
cl.inc_count( )); 'SeL count( ); cout << cars[2] 一 > getcolour( ); 
c2.inc_count( )， / increment cl cout << cars[3] -> getcolour( ) 


delete cars[0]; 
cars[0] = NULL; 
delete cars[1]; 


c2.inc_count( ); / increment c2 
cout << “ncl1=”<< cl.get_count( ， /W/ increment c2 


cout << “nc2=” 2 
return 0; 0 cget count( ); 人 cars[1] = NULL; 
delete cars[2]; 
人 1] 一 二 
When an object of 、 elete “arsf3]; 
Initialized 'to- Jo type Courater is first created we want its cournt t } 人 
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0.23. HIite sjort710te O7 ojject identig， (GR 久 Dec 


Aclass is defined by three elements 一 aunlique name， att 

人 En an object is defined by identity, state and behavis 
二 of these three cases, the ne Te ates 训 s 
to the property of the object The attributes of the allow each 8 四 
contain state data - one value for each attribute. e methods of ths 
define the possible behaviours of the object, However, the Soncept ofi dt 
is slightly more complex than the namie of te class， 

It is possible for a specific object to be identified by a uni 
instance in an oil field control system, there might be a fix 
number of individual oil pumps，each one easily identifiab 
name Such as “oil pumpl，oll pump2” and so on， However， 
of identity is not always the case. In Some Situations, there ar 
constantly being created and destroyed. If it is raining， 
raindrop ? Ht would be absurd to suggest that we could 
but each does exist and therefore must have some kind 
Some cases, the idea that each object can have a uniqu 
fact, what differentiates one raindrop from another is 


it occupies at a particular time. The identity of any object may be ultimats 
definable only by this space time relationship. In object-oriented progm 
which have to keep track of a jarge number of objects which are_constj 
being instantiated and destroyed, objects will be identified by theiinen 
locations rather than by unique names, but objects 到 hich 二 e Unpredic 负 
are jdentified by location ， 


1 


que name 

ed and li 
Le by a umi 
this Simptiy 
e Iany ob 
What identifies 多 
name every Iaindh 
of unique ldentityl 
ename falls dow| 
Slimply the space 


Q@24. FIite shortmote on Persistemt objecty. 


(有 R.GPP Da 2077 20725 .7x1e 加 
Or 


邢 jat do yor mrzeazz by opject Dersiste7iE 2 


CRJGP 了 Dec 加 
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0.25. 矿 7zut 13 Object idertifier ? 


(R.GPRKE，Dec. 207) 
411S. Object oriented ljanguages have built-in mechanismas for identifyin 

objects, and ways to test object identity There is typically no need to 人 
explicit object identifier types. you need a unique object identifier you can 
obtain it at run time 位 om the system， In C++ an object's actual mem ory 
address serves as a unique Identifier and can be obtained by applying the & 
(address of) operator to an object or Object reference. Object identity can be 
tested by pointer (address); 


0.26.，JH1ite w Brier mote 洒 7 Object 1a0dellizzg， (R.GCPF Dec. 20712) 

411S. The first step in analyZzingthe requirements is to construct an object 
model. The objest modelishows the static data structure of the real-world 
system and organlZzeslt into Workable pieces. It describes real-world object 
classes and their relationships to each other The object model precedes the 
dynamic model and functional model because static Structute is usually better 
defined, lessdepenmdent on application details, more stable asthe solution evolves， 
and easier forihumans to understand. 

Intormation forthe objectmodelcomes from the 
knowledgeofthe application domain, and general kn 
Ifthe designer is not a domain expert, the informati 
the application expert and checked against the mode 
diagrams promote communication between Co 
application-domain experts. 


Problem statement, expert 
Oowledge ofthe real world. 
on must be obtained 人 fom 
] repeatedly. Object model 
mputer professionals and 


Firstly, identify classes and associations as they affect the overall stmcture 
and approach to the Problem. Next add attributes to further describe the basic 
network of classes and associations Then combine and organize classes Using 
Inheritance. Tryto Specify inheritance directlty without first describing low-level 
classes and their attributes often distort the class structure to match Preconcelved 
notions. Add Operations to classes later as & by-product of constructing the 
dynamic and functional models Operations modify objects and therefore cannot 
be fully Specified until the dynamics and functionality are understood， 

Hence, the following steps are performed in constructing an object model -- 

(D Identify objects and classes 

GD Prepare a data dictionary 

(ii) Identify associations between objects 
GvV) Identify attributes of objects and links 


(vV) Organize and Simplify object classes using inheritance 
(VD Verify that access paths exist for likely queries 

CViD Iterate and refine the model 

GviiD Group classes into modules. 
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oz11110 ? 
@27. 玫 jteat jie meed of 1110OdeL118 (R.GP 史 De 


The process of creating a model hejps an analyst clarify 男 
.113， details. The analyst learns as he or she conm (下 


; sand design 
requiremen s 2 t also raise question ts 
then Studies Parts of the model. Analys | S while ( 民 油 


model and answer them 3S the modeling Process continues， New 
added' the consequences of changes are evaluated and again questonti 
this respect, the modeling prOCeSS itseif provides direct benefit to th 
The technique used to create the model is valuable in ltself, even ifth 


never shows a particular model to anyone else. 


@Q.28. Featizs the nse osyste111 SeGHEIICe diasraml 2 (RR.GP 局 Den 


4118. Thbe sequence diagram isan UML diagram used to show the dy 
properties of a System A sequence diagram Shows the messages thal， 
passed between two components in a System., In order to be a strict sequs 
diagram, these two parts have to be objects. In the early phases of SR 
development the components used in the diagram can be e.g. GUL da 地 
servers, internets or Subsystems. Sequence diagrams applied in this Wai 
called system Sequence diagrams. Even though they have no formal stak 
in the UML 2.0 definition they are widely used in the industry. 


， CLASSES -IDENTIFYING CLASSES AND CANDIDATES FOR 
CLASSES ATTRIBUTES AND SERVICES, ACCESS.MODIFIER' 
STATIC MEMBERS OFA CLASS, INSTANCES MESSAGE P 

“AND CONSTRUCTION AND DESTRUCTION OF OBIECTS 


了 


Q@29 poris aclass ? Fomw does 证 CCcco11apDLsH Ga1 Pidi1zzg ? 


(RCRRF Dec 名 
412S.Class 二 Aclass describes a 和 甸 Oup of objects with similar prop 员 
common behaviour common Ielationships to other objects and com 
es Person, company， animal Digeess and window are allobjectclag 
aca Person has an age, IQ and miay woIKE at a job. Each process 同 
Ownem Prlority and list of Iequired resOurces。 
Data Hiding - Referto Q.3. 


CO.30 Zat are e11apzby cia | 
SSeSy ? 7 人 
(ER Ca1z ista1zce e11tDZ) CCSS De c16 


4 上 VWV kn W th Im 1 
data 5 code 和 证 1 2 多 站 人 5 过 直 enet 
人 , 1S possible ither da 
code. That is, it is possiblet -haVe 9 clasS that has ncither 


as follows -- 0 have empty classes. The empty class 1 ef 


class xyz { 3 
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In the initial stages of development of a project, some of the classes are 

eithernot fullyidentified, ornot fully implemented. In such Situations, they are 

implemented as empty classes during the first few implementations of the 

project These empty classes are also known as strps. The empty classes are 
useful in exception handling. 


0. 了 1. 玫 1zat do JJOU Iaderstafad iclass deciaratrior 2 EXpDlairz。 


41s.Aclassisawaytobindthedata amidjts associated functions together 
ltallows the data to be hidden, imiecessary, from external use. When defining 
a class, We create amiewiabstract data type that can be treated like any other 
built-in data type. The class declaration describes the type and ScoOpe of its 
members， 
The general form of clas$ declaration is as foliows - 
class clas$ _ name 
ft 
PEivate: 
variable declarations; 
筷 nction declarations， 
Public: 
varliable declarations; 
function declarations; 
已 
The class declaration ls similar to a structure declaration. The body of a 
class js enclosed within braces and terminated by a semicolon. The class body 


contains the declaration of variables and functions. These functions and 


variables are collectively known as class members， 


They are usually grouped under two sections, namely, private and public 
to denote which of the members are private and which of them are public. 


The keywords private and public are known as visibility labels and are followed 
by a colon， 


The class members that have been declared as private can be accessed 


only from within the class, and the public members can be accessed 他 om 
outslde the class also. 


The data hiding (using private declaration) is the key feature of object- 
orlented programming. The use ofthe keyword private is optional. By default， 
the members of a class are Private. 


The variables declared inside the class are called data members and the 
functions are called member functions. Only the member functions can have 
?ccess to the private data members and private functions、. 
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Example 一 
class class_data 西 叫 j 
t C 
private: 
int a, b; 回 
| 。 7 17st 了 eye or PierarcP (c) Secomd 了 eyel 
void putdata(int p, int gq) (W Object 囊 (人 FirstZeveLO 太 了 ni 
Solrtio1t SPDaces 
下 718. 2.7 
Se is airti ir ticket be of 
= 9; le ofsuper class andsubclass is airtickets. Airtickets can 
aa and Tequest, Both these tickets have a lot of common 
} en 人 exaimple fightnumber, date, destination and time. 了 Howeven a 
网 刘 有 De el ticket would also have a seat number while a request ticket would 
onf 位 
66 ?9 机 了 tatus,， 
cout <<“m a ="” << a <<“b = <<b; 有 exXampley airticket is asuper class and two subclasses are confirmed 
} and reduestJWhich inherits same properties or attribute from super class. 
CO.33. 玉 jzat 丰 1aested class 2 感 op does 让 dfer oma yocal class ? Create 
也 敌人 1 1 exa71zPDLe. 
@32. Expiaim Pierarcjay or class mi 


adate as07iEsSted class orstrudemtgraliier class aad do the ee 2 
， ， ， Ooi121p8 oa stdertk 
4ms. TIo reuse as much as data and/or functions that have been ds readiiag arad Prizatiag 太 e date or 507 本 Coale oj joining 下 
already, we create a class hierarchy Class hierarchy consists of a basef 778. A class declared inside the declaration ofanother 0 | 
and derived classes. class. Nested classes provide classes with non-global status. Host a 


i or members that exist between non- 
Qrganization of the class hierarchies involves identification of c 别 classes follow the same access rules 攻 


attributes and functions amon 
th 


。 #include <iostream.h> 
ts attributes and methods from asuper class. 


lass student 
edto the methods proVided to them bytheg “asSS studen 


class. They can also have their 6Wn data meimbers and methods apaf 人 


those inherited from the S 


private : 
The process of combining the comimon attributes and functions 址 int roll_no; 
a goup of related classes may be repeated at different levels of abstrat char name[30]: 
With the sole objective of extendi 


char branch[20]; 


int marks， 
Ses Increases, We may repeat the process untilY public : 
Sure that no new class can be formed Fig. 2.1 shows two level class date 
ProcessS. 
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Ach 


int day; 
int month; 
int year; 


public : 


date( ) 


day = month = year = 0; 


} 
void set dob( ) 


cout << "Enter date of birth 一 "， 
cout <<"Enter day: "; 

cin >> day; 

cout <<“"Enter month:"， 

cin >> month; 

cout << "Enter year:"; 

cin >> year; 


} 
人 Show _dob( ) 


cout << Date of birth:" << day<< " month << "5 


yeari<s<u 


人 set join( ) 


cout << "Enhter date of joining-"， 
cout <<“Enter day':"， 
cm >> day， 
cout << "Enter 
cin >> month: 
cout << "Enter 


month:"; 


人 Year 
) cin >> year， 
show_join( ) 
cout << "Date of joining: 二 一 day <<'w < 一 month 作 
必 _H < 一 YeaT << 地 
}dob, yoj: 
student( ) 
roll_no = 0: 


Dame[0] =“\0，; 
branch[0] = “0，， 
marks = 0; 


Ja 


~student( ) 


, set( ) 

t cout<< "Enter student details-"， 
cout << "Roll_no:"; 
cin >> roll no; 
cout << "Student name'"， 
cin >> name， 
cout << 所 dent branch 朱 
cin >> branchy 
cout 攻 < "MarKkSs 沙 
cin >> marks: 
dob.set dob( 
yoj.Setijoin( ); 


void show( ) 

{ 
cout << "Roll _no:" << roll no; 
cout << "Student name:"”<< name; 
cout << "Student branch:”<< branch; 
cout <<“Marks:"”<< marks; 
dob.show dob( ); 
yoj.Show_ join( ); 

} 


int main( ) 


Student s1; 
S1.Set( ); 
sS]1.show( ); 
return 0; 


} 


C34. Fat are he dijjeremntippes ofobjiect diagrarts ? 
47s. There are two types of object diagrams 一 


人 Class diagrams  (i Instance diagrams， 
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A class diagram is a schema, pattern or template for describing many 


PsSible instances of data. A class diagram describes object class， 


An instance diagram describes how a particujar set of objects relate to each 


Q ， ; 
er An instance diagram describes object instances- Instance diagrams are 
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useful fordocumenting test 5 
A given class diagram COTTeSPOT 


Bran 
多 
ases (specially scenarios) and discussin Unit -1 59 


dsto an infinite set of instance dia 上 ation to itself (called a reflexive association). Itis also possible to have 
a 


SS0Ci 。 
“an8 n one 3SSOClation between the same palr of classes. A 


SSOciations may 


osSsible insta j 4 tha ， . ee 
Fig.2.2 showsa class diagram and onep nce diagram ds 1 eradomed with their cardinality using the syntax in the following examples - 
by it 二 0 None 
(Person) (Person) 1 One 四 
A B Some (0 to infinity) 
0..1 None or one 
] ..*# One oOT more 
Class Objects 2..4 Two, three, Or four 


7, 11 Seven or eleven 
The cardinality adormmiment is applied to the target end of an aSSOciation， 
The symbol for an object instance 1S a IOunded box, The class nan and denotes the number ofilinks between each instance of the source class 
parentheses is at the top of the object box in boldface. Object names ae nd instances of thejtarget class. 
in normal font The symbol for class is a box with class name in boldtfk Theinheritanceicomdenotesageneralization/specialization relationship (ie， 
Class diagrams describe the general case in modeling a system Inss the “is a” relationshipy)， and appears as an association with an arrowhead. The 
diagrams are used mainly to show examples to help to clarify a complexu arrowhead points to the superclass, and the opposite end of the association 
diagram. | designates the SubclasSjAccording to the rules of the chosen implementation 


The distinction between the class diagrams and the instance diagr jangua8e， t Su 和 ss mherits 了 CE 人 OO 人 DER 
in fact artificial, classes and instances can appear on the same object diam Also ac gt9 0 
but in general it is not useful to mix classes and instances. (multiple inhefitance) superclasses. Name clashes among the superclasses are 
also Tesolved according to the rules of the chosen language. In general, there 
0.34. 形 7zat 六 ie prrpose or class diagra11z 2 Descripe ico7s Wtjmaybeno cycles among inheritance relationships.Also,inheritance relationships 
class relafiorzs 训 . (R.GRF，Dec 2012may not have cardinality adornments. 
412S. Once CRC cards and use cases have been 路 nerated, class dii 柄 The “has” icon denotes a whole/part relationship (the “has a" relationship 
Provide a Way to express the relationships among the classesyland to m also known as aggregation), and appears as an association with a filled circle 
the information on the CRC cards_ The Universal ModelingLanguiage (UN atthe end denoting the aggregate. The class at the other end denotes the part 
Specifies how class relationships are depicted on ia 计 s diagiams. Exploi whose instances are contained by the aggregate object. 
class relationships with the class diagrams may again reVeal that additior The using icon denotes a clientsupplier relationship,，and appears as an 
changes need to be made to the Original classes TeSulting 也 further revist asSociation with an open circle at the end denoting the client. This relationship 
to the CRC cards. indicates that the client in some manner depends upon the supplier to provide 
When the CRC cards， use cases, and class 机 和 ramshave been comp 0 Services. 革 is used to indicate the decislion that operations of the client 
e final program design is re 旨 Eube co 二 ee Invoke operations of the Supplier class, or have signatures whose return 
Icons Used for Class RelationshipsEs The essential connections am ssS Or arguments are instances of the supplier class. 


cjlasses are asSOciation， inheritance chas” and “using” relationships， 呈 @36. Zatzz zipe Prr1Ppose orclass diasrarztz 2 Descripe icofis HSed .Jor class 
ICons are shown in fig. 2.3. Each such Ielationship may include a textual 及 eolionsjzips orp we camuseoBjectassojjioaremmodules?(RGR 了 Dec 2074 


nship orsuggests its Purpose. Relatio dxs. Refer to Q.35 and Q.20. 


@37. Far do Jom 7aea1a 有 yy class dfiagrana a11d Object diaSrQ1NE 

The association icon connects two 472s。、Cjlass Diagram -- A_ class diagram is used to show the existence of 

denotes a semantic connection Associati ee Cs and their relationships in the logical view of a system. A single 
ons are often Using “lagram represents a view of the class structure of a system. During analySls， 


。 》 aS Z we us ] 。 TOjeS ibilitie 


Fig. 22 Object DiaSra1118 


names need not be global, but must 
their context. 


jente 
Object Onme1 ， : 。 

60 网 systermsbehaviour During 二 Weuse as 
ws ture of the classes that form tne System's archit 国 
lelements of a class diagram are classes andlt 取 
届 li 


df Programrming & Methodology (Wi-Sem. CSea， 
由 


entitieS 
to capture the struc 


The two essentia 


wa -am -~ An object diagram 1S used to Show the el 

Onjeg heirelstionships in the log'cal (es Bn 0 a System,A Sn 
objects resents a view ofthe object Structure of a system. Duringay 
diagram ct diagrams to indicate the Semantlcs of primary and 温 
0 和 provide a trace of the system's behaviour， During ds 


use object diagrams to illustrate the semantics of mechanisms in th ， 


design of a System 
The two essential elements of an object diagram are objects anl 
telationships. 


0.38. atis se ofclass diagrana aad Object diasrama ? Desoi 
ico1ts USed Jor class relatiorasjzp. 玖 om ca1z We HSe OBjecrks as Sojiyare 1 


(R.GR 放 Jolel 
d1ts, Refer to Q.3$, Q.37 and Q.20， 


@.39. FFjpatere 矶 eelemte1tls ofa class diagSra11a 2 开 xXDIaim miihem 
Discrss a10) fp0 adyamced coTtCepts or class diaSra1a Ga1d 太 eir yi 庆 有 肛 


41S. Elements of a Class Diagram -- The two essentialielemem 
class diagram are classes and their basic relationships are_as followWS= 


侯 Classes - Fig. 2.4 shows the icon used to repiesent ao 椭 
class diagram. Its shape is that of a cloud. Some call ian ammiorphoustk 


Aname is required for each class. Ifthe namigilis particularly longi 
either be elided or the icon magnified.Every class naime 
must be unique to its enclosing class cate5gory, FEIECertain 


languages, most notably C++ and Simalltalk，wemay 
further constrain these 


Semantics to require that every 
class name be unique to the System Fig 2.4 Cl 
， certain class diagrams, itiis SEEil tO expose some of the attib 由 

perations associjated withaclass.USsinath fo 巴 wi -independent 
an attribute may have a name， nenaee 


ev 

人 
p4 an | 
attribut 
4 0peratiol 
[ 光 


电 
Re 


2 cpss 6both ionally a defaultvtt 
出 Attribute name only oth and optionally a 

e :CC Attribute cl 

。A:C “599 


Attribute name and class 


eA:C= 1 
匡 Attribute Dame, class, and default expresSion 
An attribute name must be 
瑟 Operation denotes some service provided by the class. Op 出 
ayYJust named when shown inside a class icon， and are disti 


外 
unambiguous in the context of the 纪 


Unpit-1f 61 
from attributes by appending parentheses om Where necessa 
ofthe diagram， by providing the operation's complete Si 

e。N() Operation name onjly 
。R N(Arguments) Operation return class， name, and formal 
arguments (if any) 
Operation names must be unaimbiguous in the context of the class， 
accordingto the rules for overloading 误 the chosen implementation language. 
( 蔓 Class Relatio1ts1zipsy -Refer to Q.35. 


ry forthe purposes 
gnature 一 


Example -- Figj2.5 shows an example of this notation drawn from the 
problem of the hydropomnics gardeningisystem. This diagram describes only a 
small part of the hydroponics System class structure. Here we see the class 
CoraeningPiam wiichincludesan attribute named croptogether with onemodifier 
operation, EXeCtte， and one selectoroperation, cazFarvest There is an association 
between this Class and the class EPviromzzzentCoptroller wherein instances of 
the plan define theiclimate that instances ofthe controller monitor and modify. 


mm Am 
风 
Y Environmental' 
Defines “一 、Controller 1 
Climate 
一 =“ 汪 ww_ | 


“GardeningPlan x 


包 


用 时 
7 crop t 
= execute( ) 上 
CanHarvest( ) 。y 1 
人 可 [ 珈 四 | 
= 和 


8 。 生 时 
二 全 。 

? 8 
7 ， Heater 电 4 ， Cooler 》 ， Light ! 


外 


mm 


“> Actuator 办 二 ee 
人 7 TemperatureA 
8 StartUp() /7 四 
v shutDown() e- 有 “> 


用 
7 
电 四 必 到 吓人 
、。Y_-- 


Zi8. 2.5 Brdropomics Gardenipng Systemz Class DigSran1t 
This diagram also indicates that the class ErvirommentComtroller is an 
aggregate whose instances contain exactly one heater， one coolen and any 
number of lights. The Feater and Cooler classes in turn are both subclasses 
of the abstract class dctxuator，which provides the protocol startLUP and 
ShatDowm, and which uses the class 721IDeralt1e. 


Advanced Concepts of Class Diagram -- The two advanced concepts 
of class diagram are as follows - 


人 Pararzeterized Classes -- Some object-oriented programming 
languages， most notably C++, Eiffel, and Ada, provide parameterized classes. 人 


f Parameterized class denotes a family of classes whose structure and behaviour 
上 ?re defined independent of its formal class parameters. We must match these 
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1J1-Semm.， 本 
gramming & 和 CS-Br anch) 
ith actual ones (the procesS ofinstantiation)to fonmm 
teTs WILL 


formalparame bv concrele class, We Inean One that may have ins 3 
class in tbls family; [ sesare suficiently differentthan plain classes 本 of 
Parameterized 让 theexample in 全 g. _ RS Wan 
al adornmen se 。 。 和 了 Pi， ing 
2 .6 shows a parameterized class 1 2 
as a simple class，but with a 了 网 
dashed-line box in the upper right RN 
denoting its formal | 1id- 字 人 
instantiated class is adorned with a SO ee “cij 翅 
line box denoting its actual parameterS， 六 -4 sw Fan 
matched positionally to the corresponding Set 7 ee 
formal parameters. In either case, We may ~， 1 


四 
则 到 更 
要 耳 


i d actual “、-- 
tionally supply the formal an 
os as text inside the box. Fi8. 2.6 Paurarzzeterizeg Clam 


The instantiation relationship between a parameterized class andi 
instantiated class is shown as a dashed line， pointing to the Parameterized 必 
Most often, the instantiated class requires a using relation to other comm 
classes (such as CarqdeningPian in this example) for use as an actual param 


Aparameterized class may not have any instances and may not 记 遇 
used as a parameter An instantiated class defines a new class distinctfro， 
other concrete classes in the Same family whose actual parameters di 


( 芭 Metaclasses - Languages such as Smalltalk andiCEOSiprmi 
metaclasses.Ametacjlass is the class of a class. In Smalltalk,the most co 
use of metaclasses is to provide class instance variables and Operations,$ 响 
to the C++ practice of static members，or to define factory opeiationst 
generate instances of the corresponding class. In CEOS, mietaclasSes pl 
important role in the ability to tailor that language's semantics 

Metaclasses arealso sufficiently different 
than plain classes to warrant 3 Special 
adornment, As we show in fig. 2.71 a 
metaclass is visualized as a simple class, bi 
With a gray-filled icon. The metarelatiomship 
1S Shown as a directed thick gay line， amid 
potnts from a class to its metaclass. In this ee 
example， the metaclass provides the factory 人 Ca 全 Sing 、 
Operations pew and dejzxtr for generating new 
Instances of the class CaraenipngPla1. 


A metaclass may not itse 


to its clasS. This is consistent with the earlier us 
the connection between Some entity (either an 0 
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一 ameta relationship shows 


bject or a class) and its class. 
CQ.40. 1ile sport iiote om 11ietaclass. (R.GPFE， Jane 2073) 
OF 


Jet is Hietaclass 2 


(RR.G 史 Joerzre 2073) 
4119. Refer to Q.39， 


0.47. Dram da class diasraxaz /OF om1ine corrye reseryatroFz syste11t， 


(R.GPF，Jrne 2074) 
.4411S。 


<< CourseReseryvationHandler >> 


一 ViewGourseinfo(CourseCode) 
一 DropCourse(CourseCode) 


AccountID :; string 
Type : string 
StudentID : string 


CreateAccount(AccountID) 
ConfirmAccount (AccountID) 


Registration 


AccountID : string 
CourseCode : String 
ExamID : string 
Grade : string 


StudentID : string 
Name : string 
Major : string 
Gender ; string 
DateOfBirth : date 
Email : string 
Address : string 
ContantNo : string 


CreateStudent 
(StudentID) 

GetStudentinfo 

人 (StudentID) 


CreateRegistration(AccountID， CourseCode) 
DropCourse(CourseCode) 


CourseCode : string 
Title : string 
Type : string 
Credit : int 

Date : date 

Time : string 
Venue : string 
Jnstructor : string 


CreateCourse (CourseCode) 
GetCourseinfo(CourseCode) 
DropCourse(CourseCode) 


Fig.、 2.8 
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FORE 了 Tzpe az 0 
Pro8 (GPR De 
11S。 ClasS Diagram 一 Refer to Q.37. ) 
A class diagrarm for simple arithmetic expressions is shown in ii 
人 


Fig. 2.10 showWs 8 instance diagram for the exXpresSlon ( 尺 十 YA)CW 
The object diagram in the above FirstOBerand 
figure is actually 8 metamodel for Second Operand 
binary expressions， Parentheses 
are needed for an infix 
representation but are notrequired 
inthe metamodel. There are other 
representations， like postfix， in 
which parentheses also are not 
required. For example， the Same 
expression in 3a postfix Fig. 2.9 Class Diagrama Jpr Sinonl 
representation 1S XY3/HX4/YT+/， dritjzz1zazetic Expressio1s 宝 


Binary Operator 


(Expression) | ， 
1 

X/4 人 

IInd 


(Constant) 
4 


/ 
Y/3 


” (Variable) 
村 


IInad 


Fig. 2.701 
mstance Diagramt Jor 态 e EaprESSiom (党 于 JI3MCOO4 + 


人 @.43. Descripe 夸 
; e 11zecHai 琵 ， 
Jrctio1as 训 碟 e Jplloming case 1S111 fiaccessizzg d5 瑟 mae1zpera1d Ri 


人 Tpzside te Mg 六 Progra 玩 


(7zzside 
az7 
0 Ite112Der zemaczio7z OF tjpe sa11ze cluss 
e ar 
2111Oer rupzzctio7 orarotper ca 
SS。 
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Inslde the mai ata members that are 了 | 


Un -1 65 
训 cessed outside the class. For example 一 
class item 


int number; 
public: 


Int X; 
void getdata( ); 
void display( ); 


} 

int main( ) 

{ 
item l; 
inumber / error number is private 
i.x 一 10; 凡 ok, xis public 
igetdata(; 
idisplay( )， 
return 0; 


As showna in theiabove example, only public data members and member 
functions afe directly accessed inside the main prIogram. Private data 
meinbersi(like number) cannot be accessed directly inside the main program 


四 ( 刘 77zside Mer1zperFuractiozz ortpeSarze Ciass 一 msideamember 
nction ofthe same class, both public and Private data members and member 


functions can be accessed. For example 一 
class example 


lnt X; 
public: 
人 get( ) 


cout <<“Enter value of xX 2”; 
Cln >> X; 


disp( ); 
disp( ) 


cout <<“Value ls ”<< XI; 


】; 


int main( ) 


example e; 


e.get( ); 
Ieturn 0; 
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ample, We find tbat get( ) ?unction can act 
member function disp( ) Thus, inside ths SS 
both private and publi mw 


Here in the we 沿 
1 blic 
rivate data x and pu 
的 etioi ofthe Same clasS We can 3CC6S5 
1 as member functions. 
(这 Tside 4 1hemaber Funzctiom of 410tper Ciass - We 
iv data members and public member functions, inside a memb 肌 at 
public 和 lass. We cannot acCCeSS private data members and privats 
T class， 
0 inside a member function of another class. For example ~ 
class example 


c datam 


Int X; 
public: 
void get( ) 


cout <<“Enter value of x = ”; 
cin >> Xi; 


员 disp( ) 


cout << endl; 
cout <<“Value of X =”<< Xi; 


} 


class examplel 


fint y; 
public: 
void getl( ) 
{ 这 


cout <<“Enter value of y ”; 
cin >> y; 


disp1() 


example e; 

e.get( ); 

e.disp( ); 

Cout << endl: 

cout << “Value ofyYE ”<< y; 


信 

int main( ) 
examplel elT;， 
el.getl1( ); 


el.displ(3; 
return 0; 


wnit -1 67 
Here in the above example, we find that public Imember 


i in di 1 function et 
]asS example is accessed in disp1( ) function of class examplel. Th 和 ee 
that public data members and member functions can be accessed inside a 
ember fonction of another class. 
m 


0.44. Explaiprz 切 e terma attrt8ptes aad metpods im class 
Or 
Comazpare Pe Qt7zOute a1ad 11zetp0 芭 


4d11s. Attributes - Having decidedi what our abstract data type is going to 
represent We have to ldentify What elements 8o0 to make up its state. These are 
Inown as attr 访 utes. When we ldentify attributes, we are not Specifying values 
forthem. For exampble, Wemightdecidethat our data type musthavethe attribute 
ofcolour butwe donot predetermine whatthat colour mightbe for anyindividual 
coffee cup, only that all coffee cups will have a colour of some kind 

Methods 三 The behavViour of our 'thing” is defined by its methods (also 
called operations Or_ services)，which are processing routines related to the 
data type. In abstract data type, the method acts as the only path between the 
user and theistate data. It is normal practice to limit access to the data so that 
itiEan Ofnly be accessed through these methods. 


There are Several types of methods. Two of them are selector method 
and modifier method， 

从 selectormethod is readmethod, one which allows accessto an attnbute， 
but do not allow that attribute to be altered. This is analogous to the idea of a 
fonction. It is also known as“get” method. Amodifier” method is a mrite 
method, allowing attributes to be altered. This is analogous to the idea of a 
procedure and is also known as a 'set' method. 


Q1G Object 


@.45. Discrss maemzormy regpiremae1ts Jpr classes aad objects， 


41s. On creating a class, memory is not allocated to its data member 
Thus, there exists a template, but data members cannot be manipulated unless 
an instance of this class is created by defining an object. It might gives an 
Impression that memory is allocated toboth data memberand member fonction 
of the class when an object of a particular class is created. It is partly true 
because memory is allocated only to data member not to the member function 
of the class when an object is _ created. Member functions are created and 
Stored in memory only once when a class specification is declared. All objects 
access Same memory area where the member fonctions are Stored， 
“member functions for all the objects are same and there is no point In 
人 a Separate copy for each and every object created using the Same 

”Specification. However an individual memoryisallocated forevery object S 
to Tembers because they hold different values. It enables different objects 

?ndle their data in a manner that suits them。 


ja 
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WUnit -让 69 
The array 71aa114Ser contains two objects (managers 


0] and manager [1]. Similarly， the jpremzar 


) namely, manager 
tforeman) and the WOKer array contains 100 O 


aITay contains 10 objects 
bjects (workers)， ， 
2.47 Descripe arraj's 08 class data maemzaper 


4115. Arrays can be used as data items in classes. As an example, consider 
rogram， stackarray that creates a SIlmple stack class, ， 
#include <lostream.h> 


Function 1!() stack 
private : 
enum {MAX = 110 和 
ionP int st[IMAXT 
tt 
public: 
Fig. 2.11 shows the organization of memory resource for the object ttop = 0;} 
| 1 ted andd Volid push (int var) 
fig.2.11, weseethat N objects ofthe same class are created and data menk [op] = 
of those objects are stored at different memory locations，while the menl 时 pop 大 ， 
functions of N objects are stored at same memory location. Therefore Eeeturm st[top - -了 ];)} 
object contains a separate copy of data members and different objects 则 。 


the member function among them. It is simpler to visualize each objef 


int maln( ) 
containing both its own data and its own member functionsjBUlinw 


Situations, Such as estimating the size of an executingjprogramy it is helpi stack 01; 
know what is happening behind the scenes. al1.push(01); 
. a2.push(02); 
人 46. Fite asjortmote op arrays orobject cout << 1:"<<al.pop( ) << endj; 
44711S. 


We can have array of variables that 是 e of the typeiclasy cout << 2:"<<al.push( ) << end/; 
Variables are called arrayxs of objects. Fof example， 9 ui03 
class employee al.push(04); 


al.push(05S); 


char name [20]: al.push(06); 


it cout<< 3:"<<al.pop<<end/; 
Double : cout<< 4:"<<al.pop<<endj1; 
cout<<"5:"<<al.pop<<end/; 
void getdata (void); cout<<"6:"<<al.pop<<end/， 

vold putdata (void)， Ieturn 0; 


} 


The identifier epioyee is a user- 
create objects that relate to different c 


employee manager [2]; 
employee foreman [10]: 
employee worker [100]; 


defined data type and can be The main( 


区 } object al ) program in stackarray exercise the stack class by creating an 
ategories of the employees， Exar 由 al of th 


Et e class. It push two items on the stack, and then pop 人 
y em, Thereafter, it push four items, pop them and display them. The 
/array of InanageI 呈 ck class is an example ofan important feature ofobjectoriented programmlng 
/array of foreman Smg a cl 


ass to implement a container or data storage mechanism. 
/Warray of worker 


地 


Je 


70 Object Oriented Prograrm1mjn 


0.48. FIite 4 PrOSFG11E 10 Expiam 天 


rtctiom 
dg A function canm 
returmnthem. That is, it1S poS 


never a function Te 
must be the class name of that object， 


Exampjle 一 

WProgram for complex class 
#include <iostream.h> 

using namespace stdi 


class complex /x+iy form 
float X; // real part 
float y; /imaginary part 


public: 
void input(float real, float imag) 
{ x=realiy= imag;} 
friend complex Sum(complex，complex); 
void show(complex); 
上 


complex Sum(complex cl1, complex c2) 


comPplex c3， 

c3.Xx = cl1.x 十 C2.X， 

c3.y = cl.y + c2.y; 
} return(c3); 


void complex : : show(complex C) 
CO << 1 3》 二 
ut << cx <<“j ”<<c.y < en>， 


int main( ) 


complex a, b, c， 
a.input(3.1，5.65): 
b.input(2.75，1.2)， 

c= Sum (a, b); 

cout <<“a = 一; a.show(a)， 
cout <<“b =”; b.show(b) 


7 
cout << “cc 一 cshow(e; 
returm 0; 


} 
Output 一 


a=3.1++j5.65,b=275 +jli2yc= 5.85 士 j 6.85 


g& Methooology (Wi-Sem.，CS- 


OHY Q11 Object carz je re 


(人 GRP 
ot only receive objects as arguments 呈 
sibleto return an objectthrough the 人 
turns an object, it is necessary that a fu 


Unit -1 7ZT1 
CA49. Di1jereratiate peteerz ze Jolioning 二 


人 Opjects atad ctasses 
( 动 E1zcapsuiatiof aad abstracfiop 
(人 浊 Class aad maetaciass. 


(R.GRP， Dec. 2072) 


dg 伪 Oiject QZ11C Classey 一 Thg differences between objects and classes 


are as follows 一 


Asingle object is simply an 
instance of aiclass. 
Objects may be created and 
destroyed at run time: 


A class is a set of objects. 


Once we have defined a class， 


it exists all the time a program is 
running， 


An object has identity state 
amdbehaviour. 
Forexample， 

frult mango; 
whereiimango 1s an object， 


A class has a unique name, attri- 
butes and methods. 
For example， 

fruit mango， 

Where fruit is a class. 


( 动 Erzzcapsrlatiomz atzd4bstracriom- The differencesbetween data 
abstraction and data encapsulation are as follows - 


zzcapswiarion 


It is wrapping up of data and Itrefers to the act ofrepresenting 
functions into a single unit essential features without includ- 
(called class). ing the background details orexp- 
lanations. 

It focuses upon the observable 
behaviour of an object， 
Theyencapsulate allthe essential 
properties of the objects that are 
to be created. 


It focuses upon the implementa- 
tion that gives rise to this behaviour 
It is a process of including in an 

object everything it needs, hidden 
from other objects in the system. 


二 《 动 Class aid Metaclauss - The class holds the attributes and 
ethods which will apply to objects ofthe class -it is the class ofthe objects. 
os The metaclass holds the attributes and methods which will apply to the 
S itself - therefore it is the class of class. 
uaavery class has only one metaclass, and the metaclass has those parts of 
E which are not appropriate to be duplicated for every specific object 
metaclass is basically a repository for those parts of a class which must 


exis ， 
Stat the run time ofa program, whether or not there are objects of the class 


mm existence 
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， pferePice petHeet class Ga11d objiecr ? 
50. j1ats 夸 e jjer 所 
: ee Jane 妨 
Di1jerentiaie betree1a class Ca11d OpJeck (R.GP 区 ， 
41g. Refer to Q.49 (， 


0.51. Explain tjpe 井 Nerence Petpee1z S 厅 MCILFe QHd class 
烛 difference between structure and class are as foll 呈 员 


Se[ se 


Astructure 1S a convenient tool 
forhandling a group of logically 
related data items. 

Structure holds only data. 

The members of a structure are 
public， 

The variables declared Inside the 
structure are called structure 


Imembers. 


Aclass is a wayto bindths 
and its associated foneta 
together. 本 
Classes hold both the data 
functions. 
The members of a 
private or public. 
The variables decl 
the class are kno 
members. 


clas 


ared it 
WwWn a38 恒 


Q@352. jat do yor 7mzeart b access co1ttrol 3SDecWiers 2 Poplain 
态 ema 癌 Drie 大 


Or 

形 jpat are 太 e visibilitby jepeks Jor 1aemzpers ? (R.GP IDec 外 

Explain access comtro1 SDeciriers. (R.GRKE，Dec 明 

.71s. When we defineaclass, we define members.AUSer caflhave di 兹 
acCeSS privlleges to the members. A_class differentiates betwetr 名 
privlleges by dividing its contents and associating each one Ofthem wih 
one of the following keywords - 

GD Public (iD Private (iii) Protected. 
These keywords are known 


于 no keyword is specified, the 


publi 和 人 Public means allthe class members declaree 
UDC WU be available to eve one. Th ber fan 
declared public can be a Iy e data member and mem 


that they might changethem 


本 


ees 


Rd eclared private outside that class. If someone tries to access th 
at e member they will get a compile time erToT. 

机 member functions are Private. 
an 


inaccessible outside the class. But they can be acces 


@53..Di1jererztiate azzz 
Pblic ardprivate accesg 
41zs. All data members and 
accessible outside the class sho 


人 Private members of a class have strict access control， Al data 
8$ VTS and member functions of the class are accessible only within the 


Unit -1 73 
( 动 Pripate 一 Private means that no on 


S Can access the class 


By default class variables 


Class XYZ 

private : 

int 3; 

void display(); 
} 


( 动 瑟 otected 二 Protected is similar to private, it makes class member 


sed by any subclass ofthat cjlass. 
class XYZ 


ee 


protected : 
int ai 
void display ( ); 


ee 


Siye exa1mlplesto brizzg ort 矶 e 地 Jeremrce petfeem 
SDeczfiers. 


members functions of a class which are to be 
uld be declared in public section . 


class Test 
public : / Access specifier 
int age; / Public data member 


int getage ( ); /WPublic member fonction 


ae 


生 
Test t 
inta= tage;， /can access public data 
tgetage ( ); /can access public function 


e Private members ofa class are inaccessible outside the class. 


/) -Sem. 国 
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class Test 
全 

攻 // Access Specifier 

ea /1 Private data member 

1 9 


int getage ( ); // Private member function 
1 》 


家 
tt 。 
是 =ft.age;  // cannot acCCeSS Private data 
Eee ();  VW cannot access PTlvate function 


CQ.54.Jz jatresDpecture protected ad Priyate data 1ze11ajer do 


dg. The protected keyword is like Private, in that the outside Wotll 
access class member in a protected section only oy 和 Te 
diffsrence between Private and protected CD Ito Play only within ds 
derived fromthe base class. Members of a derived class Can access prots 
members of the base class directly， but they cannot directly access pr 
members of the base class. So members in the protected category behavell 
private members as far as the outside world is concerned，but behavet 
public members as far as derived class is concerned. 
了 Example 一 
丰 include <iostream.h> 
using namespace std: 
class B 
{ 
int ai /private; not inheritable 
Protected: /protected， Teady for inheritance 
intb; 
void get_ab( )， 
int get_a(void)， 
void show_a(void): 
和 
class D : private B // private derivation 
int c; 
public: 
void mul(void)， 
void display(void)， 


voidB : : get_ab(void) 


cout <<“Enter values for a and b:”: 
cin >> a >> b; 


j ， 也 : : get_a( ) 


return 3; 


B::show a() 


cout 一 一 3 一 三 合 << 有 < 反 FnD "二 
voidD ::mnul() 


get_ab( ); . 
c=byget_ a()3/ a cannot be used directly 


} 
voidD : :display( ) 


Show al( ); / outputs value of 'a， 
cout 二 一 “b 一 3 一 一 b < 一 2; 
cout << “和 C 一 ) < 天 C < 一 An 


int main( ) 


D di; 

/dget ab( )) WON'T WORK 
d.mul( ); 

/ dshow_a( ); WONPT WORK 
d.display( ); 


/db = 20; WON'T WORK; b has become private 
dmul( ); 


d.display( ); 
return 0; 


Output - 

Enter values for a andb:S10 
aa 一 
b=10 
c=3S0 

Enter values foraandb :12 20 
a=12 
b=20 
c= 240 
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ttic 008 jeE1I5er Cd S1GNC 7Ie7110er Janacyio 
0.55. at e72 Or ! 
ay S106C jlsS11zeE1abers 2 PPUaizz iechar 
低 


Qcfo， 

108 全 

ce me1l8er5 Wi suitapie 外 (.GR 名 Dee 
4d119. Static Data.Member _Adata mem a class js qualtth 
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static， rties of a Static member variable are Same as that ofa 
人 0 member variable contains certaln Special characterisiw 
V .人 St 
WS 一 
are 3S Itis initialized to Zer0 whenthe first object of its class is 呈 
Nootherinitialization is allowed. 

(这 Only one copy of that member is constructed for the 
class and is shared by all the objects of that class, no matter hown 
objects are created. 

二 Itis visible only within the class， but its lifetime is the 
program. 

Static variables allow us to maintain Values common to the entirek 
For instance, a static data member is used as a counter that recorti 
occurrences of all the objects. Program given below illustrates the ut 
Static data member 一 
#include <iostream.h> 


using namespace Std; 
class item 


{ 


和 相 


static int count; 
int number; 
public: 

void getdata(int 3) 


number = a， 
count+ 十 ; 


} 


void getcount(void) ， 


cout<<“%c ount.，. 

人 
cout<<count<<em，， 
》 


} 
好 
int item : : count; 
int main( ) 


Unit -JW 77 
item ay, b, C ， /count is initialized to zero 
a.getcount( ) /display count 
b.getcount( ); 
c.getcount( ); 
a.getdata(100); /getting data into object a 
b.getdata(200); /getting data into object b 
c.getdata(300); /getting data into object c 
cout<<“After reading data -<< An ; 
a.getcount( ); /display count 
b.getcount( ); 
c.getcount( ); 
return 0; 
} 


Static Member 王 unctions -- Simllarly, there are static member functions. 
A _ member function thatjis declared static has the following characteristics 一 


人 Alstatic fumction accesses only other static members (functions 


or variables) declared in the same class. 


全 Astaticimember function is called usingthe class name (instead 


of its objects)j as follows 一 


class _ name : : fanction_name; 


Thefollowingprogram shows the implementation ofthese characteristics， 
finclude <iostream.h> 
Class test 


int code; 


static int count; //static member variable 
public : 


void setcode( ) 
code = 十 + count， 
void showcode( ) 
cout <<"object number :"<< code << An ; 


void showcount(void) ”static member function 


cout<<"count:"”<<count<<' n ; 


} 
Int test : : count: 
main( ) 


test tl, t2; 
tl.setcode( ); 
t2.setcode( ); 


， NMethodology (Sem.，CS- 
t Oriented Prograrmming & 
test : : showcount( ); 


test 全 ; 

de( 必 
.aeteoteycoutt ); 
tl.showcode( ); 
包 .showcode( )， 
t3.showcode( 
return 0; 
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} 


Q56. jen do We declare4 Jie11zber or class Stalic 2 


41s, We declare a member 人 和 all objects ofthe 

hare a common item of information， 人 Static data member is al 

S 1 thin the class,but itcontinues to live till the tme program executin 

ie to an end. In that sense 3 static data. member 1S Similar to the ok 

staticvariable.Howevep theirutility is difierent While anormal static Vart 这 

used to retain information between calls to a fonction， static data memben 
class are Used to share information among the objects of a class. 


0.57 Fatis the djfererrce beteeft register variuple ond GO 
Variable 2 Explair mitR exaFipDLe， 环 jet are OtPer StfOrasge clossal 
yauriaples ? (及 .G 中 有 Janel 
4nsS. The extent of the variable is the period of time during whi 
memory is associated with a variable. It is characterized by storage 
The storage class of a variable specifies the allocation of storage Spacet 
vaiiable by the compiler The extent of a variable is defined by the 源 
classes. There are four types of storage classes in CH+T as follows - 


亿 4uto riables -Allthe variables are definedlas autovai 
by default. They are created when the function/blocliSienterediand desty 
When the function/block is finished. Forlocal autoNariablasithe Imemor 中 
1Sallocated on the stack.The global auto vaiiables aiEVisibleto allthemu 
of a program and therefore， they are not 
declarations. For example 一 
#include <iostream.h> 
Int cube(int a); 

全 main() 


defined many times unlik 


auto int x = 6; 
Sout <<"Cube of' < xX << is : " << cube(Oo; 
人 cubekint al) 
auto int temp; 
temp =a*a*+a 
Ieturn(temp)， 
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( 动 玉 Register Friapies - The execution ofa 


ation ofCPU (processor) Tegisterto variable 
thealloc dmemory is not referred. The number o 
are ea are limited (typlcally two or threej, within any function or 
declarec srjables， Aprogram that uses IEgister variables executes faster than 
as goba 忆 rogram Without reglster Variables. It is the IeSponsibility of the 
a SN allotregister variables. These Variables are treated as auto variables 
comP er jleris unable to do Sojjtis betterto define frequently used variables 
人 人 as Tegister Variables' For example - 


黄 nclude <iostream.h> 
#nclude <stringh> 


piIogram is speeded up 
S. When such Variables 
f variables， which are 


char mame[30]; 

register Int 节 

cout << "Enter a String ; 

cin > name; 

cout << The reverse of the string is"， 
for(L= strlen(name 一 1)i>=0;i 一 一 ) 
cout << name[ji]; 


} 


(Stic Friapbies -The static storage class is used to define a 
Variable whose scope is limited to eitherablock, a function or a file and extent 
is thelife-span of a program. The global heap allocates the Imemory Space for 
local static and global variables. Static variablesthat are defined within a function 
ietain their values from the previous call. For example， 


#include <iostream_h> \\ 
void Print(void) 
[{ 


static int count = 1; 


cout <<“count = "<<count <<endl; 
count = count 十 1; 


int main( ) 


Print( ); 
Print( ); 


The program outputs a sequence of numbers starting with 1, instead of a 
String of 1 


.Although, these static variables cannot be accessed from other 
antS of the program， 


they can cterrz Jaria5les 一 When a program spans across different files， 


only o are information using global variables. Global variables are defined 
is gui any of the program module and they are accessed by all others. Lt 
Som Re 0 declaring such variables as extern variables, conveyS the 

erthatsuch variables are defined in some otherfile. Forexample, consider 


Jo 


80 Object Orentec 


ogram having the following files 一 
apIT 


ed ai variable definition 
in 


void funcl( ) 


1 


ee 


和 


后 本 : module two of the project 


Programming & NMethodology (1 -Sem. CS-Bna， 
C 


module one defining global variables 


extern int done /globalvariable declaration 


void func3 


ee 


In fllel.cpp, the statement 
int done， 


defines the variable done as a global variable. In file2.cpp, the statement 


extern int done; 
declares thie variable done-and 8 
is noted that the definitioniofthe variable don 
modules，whereas extern declaration can ap 


program. TIhelinker binds all references to th 
encounters Such variable 


allthe modules accessing it 


C@538. Pup1aipn oOBject instarmztiatiozz 27 ao1T exca71171C. 


47s. In order to ins 
type 一 aclass in C+HH A 
may be identified.Ob; 


Day ects 
jifetimes and identitie 


ln 


data types. For example， 

/ an instanc 
/an instan 
an instan 


ss of type int 
Ses of type char 


pecifies that it is defined in SBiae other 
etmust appear in anyone 尾 
pear in any oF all modilsl 


e Sameiimemory Ilocation Wi 
SIhus, any changes to the variaBieidone isvi 


antiate bjsets，we Heed to call on an abstatt 
S we know each Glass has unique name by 
stantiated with unique names are those 


by declaring its type， followed 直 
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ftype <BankAccount ，we treat z as any other BankAccount, which 
be 0 


z to ] have the attributes and methods defined by the class. 


it Wi 
means 1 Object imteractiomrs，(R.GPT 
rp US1port11Ote 0 021 ， Dec. 2003) 
0.59. FUe Or 
。 7 Lassesicarz ipteract ? Give ap exa11zDL 
cz or tpo aafjfereratc pie Jor 
Fomoboye (R.GR 瑟 June 2005， Dec. 2073) 
A request for execution of a procedure is a message for an object， 
4118。 fore will call a function in the Teceiving object that provides the 
and there sult Message passing includes specifying the name of the object， 
desired 1 functiori (mnaessags) and the information to be sent, For instance _ 
me 
Employee.Salary(name); 


| | 人 


Message 


An 6bjectEoriented program made of a set of objects that communicate 
with each other Therefore, the process of programming in an object-oriented 
languiage has the 名 llowing steps 一 

(GD Greating classes that define objects and their behaviour， 
(让 ”Creating objects from class definitions, and 
(in Establishing communication among objects. 可 

Objects communicate with one another by sending and receiving 

information much the same Way as people pass messageto one another Objects 


contain a life cycle. They are constructed and destroyed. Communication 
with an object is feasible as long as it remains alive. 


比 


Objects in an object-oriented programming interact by sending message 
with one another. For instance，if there are“customer” and“account' in a 
Program then the“customer”object sends a message to the account object 
Tequesting for bank balance. Customer object has data and code to manipulate 
the data. Customer object interacts with account object without having to 
know details of each other”s data or code. Objects can interact without having 
to know details of each other”s data or code. It is enough to know the type of 
mess 


.age accepted and the type of response returned by the objects during 
object interactions . 
@.60. Descripe Pom OBjecis ipteract afad Hom 态 ey are instamtiate 太 
(BR.GR 取 Dec 2077 
卫 1 Hi edac 严 
esScripe 玉 7 do 执 ey teract HL 
other ? OH Op1ects are istarztiated arz 仿 GP 了 Dec 2072) 


os Referto Q.59 and Q.58. 


| /Jogy (Wi-Sem， 
Oriented Program1mng & Methodology ( Sea mi 
ject WO1 ， _ 
82 Obje Fatisaaobject3 Pompoectornyo ee co iatime:: sum 人 time tl, time t2) 
0 
exg11lpie or 3 妇 { . = tl.minutes + 世 .minutes; 
dns Referto Q.8 and Q.57. 和 minutes/60; 
62. JJjat are 纺 e djeremtJorn15 CO1 11zeSS4Se Passiytp ? minutes = Ininutes % 60; 
和 0 


of the following forms 
ng may take One 二 
41g Message PaS51 


三 eration commences only when 
公 ee 人 ev is ready to accept the ni 昌 main() 
has initiated ee willwaitindefinitelyuntil both parties are readyto 富 { 
senderand 人 jing 一 Itis same as Synchronous, except that the Sen 
abandon 外 0 ifthe receiver is not immediately ready. 


(前 TBre Out 一 Itis same aS Synchronous，eXxcept that ths 可 


hours = hours 二 tl.hours 十 t2 击 ours; 
0 


3 /object declaration 
下 ettime( 生 45); /Ainessage passing 
ie (2.30); /inessapge passlng 


T3.sum(ITl5T2)， /object pas 
ill onlv wait for a specified amount of time for the receiver to be road -out <<WT TI.gettime( ) 
will only pp) 4spmcpro7rous 一 A sender may initiate an action Iegardls cout < “T2 = 本 。 
whether receiver js expecting the mesSage. ai < = ?”: T3.gettime( ); 
Q.63. Fat 站 mieSSaSe DQSSi118 ”20 OB1ects are zateracted yi Feturn 0; 
41otPer ? ( 民 .G 已 严 ，Non 加 } 


2 ii declared ad defiized 2 
41S. Refer to Q.59 and Q.632 0. 太 Jati comstructor : om 


tion of the class. It is called each 

CQ64 Hi the jep ofecomtplete CHHDrOSTUNE MeS1Tate je Jollonil 4d41zs.。 人 constructor 1S 3 ee 有 es 

他 Class declaratiomz (0 Object declaratior fine When an object of that c 1 上 ee we 
( 记 Messagepassif8 (Object passi118. created an initialization needs to be do 


1 1 tructor, since it constructs the value 
41S. The following program illustrates the declaration of the clas 涡 ne 人 as Cons 
declaration of objects with the operations on its objects and Object pas 兴 “of data me 


; : is declared and defined as follows- 一 
大 nclude <iostream.h> A constructor 1S 
1 class integer 
Using namespace std， 
class time class declaration int m, n; 
public : d 
int hours; integer(void); /constructor declare 
intminutes OO00000 和 
public: 人 
ee 了 TD ) integer : : integer(void) /constructor defined 
{ hours = h; minutes 三 Im; { 
m = 0; 
void gettime(void) n = 0: 


cout < < hou << 5% 
TS hours and”， 


5 and 2 
mlnutes”<< “mn?”，; as no return Rs 下 iect created by the 
} . When a class has a constructor it ensures that an Oobjec 
Vold sum(time, time)， class wi 
上 


; is created, 
llbe initialized automatically When an object of that class 1s cr 


ja 
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,itializes its data members. Itis not required to call the const 
训 记 


sepatately. 二 ， 
p Whereas the normal member function is defined in the class 


toinitialize that member data, then weneed to call them separately 
be inconvenient 让 there 3T6 large number of objects. 
A_dejarlt cor3StruCIOF is a constructor thbat accepts no 
default constructor off clasyg AisA::A()， 
Ifno default constructor 1S defined, then the compiler supplis f 
constructor Therefore, a statement 
Aai 
calls the default constructor of the compller to create the object a 


Puct， 和 


Parametw 


@.66 jetis co1sS1ructIOF ?2 人 8 站 11011dG10 凡 可 MSe co1as 太 rctor 总 4 


(有 .GD 了 No 1 
41g. Refer to Q.65. 

It is mandatory to use constructors to initialize instance variatl 
class. One the object for the class is created. 


@.67. FTite 妨 e cparacteristics or corzs1rrctor zerzctio7zs， 


1tS， The constructor functions have Some Special characteristics as fily 
人 They should be declared in the public section. 
GD They do not have return types, not even void and they 低 
Tetum values. 
( 放 They ate called automatically when the objsects are crei 岂 
4v) Like other C++ functions, they can have default argumel 
(W) They cannot be inherited, though a deriVeaclass can dl 
base class constructor. 
(VD) They cannot be referred by their addresses， 
0 Constructors cannot be Write/ 
VID They make 'implicit calls， jet 
memory allocation js RN ee 0 


人 60. 7: 
台 68. Fatis comstructor 2 ZLzsf 太 eproperties or co7zstrictorj in 


4ms. Refer to Q.65 and Q.67. ( 展 .G 下 PP JU 


台 69. Nat 六 Dara11ieterized co 


4715。 The constructor can also be 
the objects to zero. Although,it mayb 


elements of different objects with th 


11S1UcIOF 2 匹 xpldz7z。 


本 本 
used to initialize the data membeny 
enecessaryto initialize the di by 
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je 一 
Examap 
clasS integeT 


人 int my mi 
ublic : ， 。 
integer(int Xx, Int y); / parameterized constructor 


辣 训 十 硬 尖 硬 司 人 而 训 汪 村 介 本 和 人 人 
ae 


二 症 刘 证 订 生 就 杀 生硬 训 全 本 昌 委 全 二 


和 ， 。 
integer : : integer(int X, Int y) 
{ 了 

Im 三 惟 ， 

了 三 y; 


When a constructor has been parameterized, the object declaration ofthe 
statementlike 

integerinl; 汪汪 
may not WOrk Forthis we will have to pass Initial values as arguments to the 
constrictor function 允 hen an object is declared. That is， 

integef inl 三 integer(0, 100); /explicit call 

Or 

integer in1 (0, 100); Wimplicit call 

Itisthat, when the constructor is parameterized, the appropriate arguments 
for the constructor must be provided. 


@70. Distpagrisp 5etee1 态 e .1D1OminS to StateIments 一 
7T2112e 72f77)7 
7Zwze 72 = 77; 
77 amd 72 are 太 e opjects of class le (GPR Dec 2003) 


411S. A copy constructor is used to declare and initialize an object from 
another object. For example, the statement 

Time T2(T1); 
would define the objectT2 and atthe same time initialize itto the values of 了 1. 
Another form of this statement is 

Time T2 = T1: 
本 _The process of initializing through a copy constructor is known as cOP 

tializatiom. Here the statementT2 =T1; wiltnotinvoke the copy coOnstructor 

Qwever iT1 and T2 are objects, this statement is legal and simply asS1gnS 


ae Values ofT1l to T2, member-by-member This is the task ofthe overloaded 
SSlgnment Operator (=)， 


C++ allows the different values when they ae ， 

生生 直人 objcce get this by Passing parameters to the SR 他 有 ie asjhort note on destruetar tt .1 

人 姑 2 created, The constructors that take arguments 3 ( st 1S、The complement of the constructors 3Ie the destructors- 
77ZEU CO71S1TUC1Drs. 8u Tuctor function has the same name as the constructor but it is precede 


je 


odology (1/- 
86 Object Orienied Program1mjng & Ne 轨 gy (Wi-Sem.。 csa 
bya~ 人 (tilde sign). The objec 
in releasing 了 be memory 05C 
~ integer( ) 
{ 


A destructor neVeI takes any argument Por does it returm 
uvoked implicity by the combiler upon exit fom the progranm 
二 to free the storage that is no longer accessible. 


tive ofa destructor is to kill the objs 
upied by the object. That is ctand 


y Valu， 
(or k 


0.72. NatisBlOpaL co1tstruclOr Q11d destructOr 2 (有 .GPRK 
Or 0 

xplain cortstructOr ad destructor iip exa11tples，(RRGP 术 Du， 

41sg Constructor - Refer to Q.65. 

Destructor - Refer to Q.71. 

Example 一 


丰 nclude <iostream.h> 
Class class_name 


int a, b; 
public : 
class_name(int x, int y); WConstructor 


~ class_ name( ); Wdestructor function 
void show( ); 


} 

class_name : : class_name(int x, int 站) 
a = Xi; 
过 沉 


void class name : : Show( ) 
cout << n a = ”<<a<<: b =”<<b. 
9 
class_ name : : ~class_name(k ) 


cout << “mm Destructing the Object 22; 
int main(k ) 
class_name obj(6, 8); 


obj.show( ); 
retum 0; 


Theoutput will be 
a=0b=8 
Destructing the object : 
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73 Jetts 11zzedU1t 8 COP COHS1HCtOr 2 丈 jpattpe oF OpDerafioms mi 

ia coPy ecO1SIrUCIOF 10 De ivokFed 2 [Jite aprogramn 加 dispiay tpPe 
1S2 


CO1S 厅 RCIO 太 
1052 Of co 有 Or 


Explain opattPpeor Operatio1z CatSes 加 call copy co1tsfuctor 如 De 加 yokedl 


2 XU1IDIE 加 S1om 机 e HSe O1 coPJCcostructor (RGBR 有 Dec 2075) 
1 了 7i 


4 Acopy constructor takes a reference to an object ofthe same class as 
s an argument Areference variable has been used as an argument to the 
itself a nstmuctor We cannot pass the argument by value to a copy constructor 
0 copy comstructor is defimedithe compiler supplies its own copy 
ef ctor The copy constructor allows us to instantiate an object as an exact 
ee another in ternis ofiits attributes values. 
finition invBREs a coOpy constructor 一 A constructor that creates a new 
object and copies its argument into 让 The defautlt COPY constructor Which is 
provided automatically by thbe compiler for every object, performs a member- 
by-mermber COPY 下 汪 拓 

The copY constructor is invoked when an object ls passed by value to a 
fuictiom Itcreates the copy thatthe function operates on. Thus, ifthe function 

void funci(alpha); 
were declared and this fanction were called by the statement 

func (al); 
then the copy constructor would be invoked to create a copy of the al object 
for use by func( ). 

卫 xample 一 

#include <iostream.h> 
using namespace std; 


COPY 


class code 
{ 
int id; 
public : 
code( ) { } // constructor 


// constructoT 
// copy constructor 


code(int a) fid = a;} 
code(code &x) 


id = X.id; / copy in the value 
void display(void) 
{ 


cout << id; 
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88 Object One 
机 和 
int main( ) 
! codeA(100); 
code B (A); 
code C = 和 A; 
code D; 
D =A; 
cout<<<nidofA:”; A.display( ); 


cout <<enid ofB :”; B.display( ); 
cout <<sm idofC :”; C.display( ); 
cout <<'nid ofD :”;D.display( ); 
return 0; 

} 

The default copy constructor can be used on any objects with 
explicitly defined， though it is possible to provide a user 中 
constructorifadditional processing is required, or 寺 the default | 
appropriate, perhaps because the objects contain pointer Since 人 
copy constructor copies pointer address rather than the data the 疯 
we may have, in Some cases, to Override this behaviour. 2 


2. 74. 玫 jat 人 NOT OF cop) co1tsSt1rrctor 2 LUder 由 
comadiliort explicit de1irzitior or copy coO1S1rUCIDF 1 FeceSSaPy 2 RD 
Droper exQamtpDlLes. (R.GP 隐 7 

.CE 已 忆 ，.Jale 站 


评 ; 计 全 Copy constructor is described belowW. Etsk 
default when 有 时 2 constructor i8 desigmed to so 
EN 1 。 Used to Inltlallze another CHAH+ performs af 
object. Althoah this is | ofthe initializing object is Cieated inithek 
.What you want to ha 和 adequate formanyicases (and generaly 弛 
not be used. One WE there are situations in whicHilaBitwise copy 由 
When it is created. For 和 common i 驶 hen an object allocates II 
memory for each object ww pie， assume aclassicalled yceluss that allot 
means that A has already ae 氏 created， and aobjectA ofthat clas 
to initialize B, as shown here lts memory Furthem assume thatA 
Myclass B =A; 
Ia bitwise copv i 
means thatB willb AR then B will be an exact copy of A 
Instead of allocating its ame piece ofallocated memory thatA iu 


， own. Cl 
example, 孙 Welass includes a We is not the desired outeeygl 


Same piece of memory will be freed ee that frees the memory， 
The same type lce when A destroye 
of problem nAandBare de5s ) 
a copy of an object i can occur in two additi 一 firsby 
Sin 隐 1S made when it js passed | 本 由 
porary object is created as 8 人 om a 用 
rn value 女 


Remermb 
W solve the 
CO115 
en a COPY“. 

Following 1S 2 
This pro 红 am 


COPY 


needed 


fa 


Tevents 


allocated 


er temp 


function ap 


17rzCtD 太 双 


array boun 
by the USe of new， 


object 一 


省 全 
#include <iogstream.t2> 


include <neW> 
#include <cstdlibj 之 
using DameSpace std; 
classiarray { 
inty p; 
int SizZe; 
public: 
aray(int sz) 
| 
p = new int[sz]， 
} catch(bad_alloc xal) { 
cout<<“Allocation failureNn ; 
exit(EXIT_FAILURE)， 
} 


Size 一 SZ; 


} 
~arTaY( ) {delete[ ] P | 
// copy constructor 
array(const array 信 a); 
void put(int jb intj) 区 
ifgi>= 0&& i< size) p[i] ， 
int get(int D) freturn p[i]; } 


// copy constructor 

array : : array(Const array &a) 人 

lnt 1l， 

try【 

p = new int[a.size]; 

}catch(bad alloc xa) { 
cout<<“Ajlocation Failure mn ; 

exit(EXIT_FAILURE); 


for(i = 0; i < asize; iH+H) p[ 这 = a.p[， 


orary objects are automatically created to hold the ret 

dtheymay also be created in certain other 1 本 
e of problem just described, C++ allows you to cre 
hich the compiler uses when one object initializes ni - 
constructor exists, the default bitwise copy is bypassed 
ample where an Explicit copy constructor function is 
creates a veryijlimited“safe”integer array type that 
daries from being overrun. Storage for each array is 
andapointerto the memory is maintained within 


ming & Me 如 oao/ogy (WSem.， CS 
g0 Object Oriented Prograr ran 
int main( ) 
array num[10]; 
intl ; 5 
fori = 0; i< 10:; i++) num.put(l， 1D; 
fori = 9; i>= 0; 一 ) cout << num.get(i); 
cout<<“n ; es 
/create another array and inltialize with num 
array x(num) ; / invokes copy constructor 
forli= 0; 1i< 10; it+) cout << X.get(i); 
return 0; 
} 
Now look closely at whathappens when num is used to initiali 
statement 一 
array x(num); /invokes copy constructor 
The copy constructor is called, memory for the new array is allocat， 
Stored in x.p, and the contents ofnum are copied to X5S array. In this Way 
num have arrays that contain the same values, but each array jS Sepatah， 
distinct, (That is, num.p and x.p do not point to the same Piece of memon 
the copyconstructorhad notbeen created, the default bitwise initializatioum 
have resulted in x and num Sharing the same memory for their arTayS.(] 
num.p and xX.p would have indeed pointed to the same locationyi 
Notice that the copy constructor is called only for initializatioml 


example, this sequence does not call the copy construetor defined in the 媳 
program -- 


array a(10); 
// .. 


atray b(10); 
b = a: 


Z8Xi 


/ does not call Copy constructor 


In this case_b = a 村 
的 Performs the assi ion. 了 六 
overloaded (as it is not here)， 和 operation 


abitwise co efore, ing 
cases, you may need to ov' py Will be made. Ther 


rload the 三 eate al 
constructor to avoid certain types of 上 人 
79. Li 
5 和 4112 pe Mse or Gaamaic CO1zastruector ypit7z exa1ple 


construction is called the 


d j 5 ， 
allocated with the help o 下 new Ceonstruetion of objects, The IJ 


Unit -1 91 


Example <iostream.h> 
<string.h> 

sing namespace St 
clasS String 


char *name; 
int lengtb; 
public 


string( ) //_ conSstructor 


length = 0， 

name 三 new charflength + 1]; 
:本 *S) / constructor 
length = strlen(s); 
name = new char[length + 1]; 


/ one additional character for 人 0， 
strcpy(name;S); 


ia display(void) 

cout << name <<“ mn”; 

void join(string 作 a, string 久 b); 

void string : : join(string &a, string &b) 


length = a.length + b.length; 
delete name; 
name = new charfllength + 1]; 
让 dynamic allocation 
strcpy(name，a.name); 
) Strcat(name，b.name); 


int main( ) 


char *first = “Rahu; 

string namel(firsb, name2(%Kumar )，s1; 
sl.join(namel, name2) 

namel.display( ); 

name2.display( ); 

sl.dqisplay( ); 

return 0， 


mming & Me 护 odology (Wi-Sem， Cs、 


/5 太 
92 Object Orientedg Prog no 
Output 站 Rahul 
有 urmar 
Rahul 和 urma 


e 碎 e coO11S11ECID1S 011G destructory 
jicp order 人 
尼 .70. 7 名 


和 col 
deriped cllSS 六 created exPLCZFz Program “由 
az 0Bject or he Dr 


Ho Po CO12SE 厅 rc1ory Cre } 
5 形 计 人 十 十 10 4 
FTite 4 PrOSTC 


员 e1? 友 e clkS8SES CQFreE Ze7 ite 丰 和 人 De 
人 次 0 


:ved class need not have a constructor 3S long as the base class ha 
derived c onstructor However 让 the base class has Sonstructors 册 
ee 人 guments, then it is necesSary for the derived class fl 夫 
constructor and pass the arguments to the base class constructony 


WUnit- 让 93 


ublic : 
base2( ) 


cout<<'n No argument constructor of the base class 
base2"; 


) 


cout<<'n Destructor in the base class base2"; 


} 


derivedj: publicbasel, public base2 


1 public : 
。 。 derived( ) 

application of inheritance, objects of the derlved class are created 了 { 
makes sense for the derived class to pass arguments to the cohstructort cout<<'n No argument constructor of the derived 
base class. When an object of a derived class is created, the Constructot class derived'"; 
base class is executed first and then the constructor of the derived Cl } 

Unlike constructors, destructors in the class hierarchy are invok 坝 ~derived( ) 
Ieverse order ofthe constructor invocation. The destructor ofthatclasn { . . 

。 nm the derived class derived"; 

constructor Was executed lasb While building object of the derfived ea cout << n Destructor in the 
be executed first. If destructors are missing in anyiclass 诅 the hierx } 
classes, that classs destructor is not invoked. The follawing mrogramy 6 
the order of invocation of constructors and destructors 三 handlifgling { 
of a derived 9 一 derived d; 

Worder of mvocation of constructofs and destriietoRs Tetrun 0; 

太 nclude <iostream h> } 

basel /base class Output - 

public : No argument constructor of the base class base1l 
basel( ) 


No argument constructor of the base class base2 
2” argument constructor of the derived class derived 
sstructor in the derived class derived 
estructor in the base class base2 
estructor in the base class basel 


Q@.77. Can 
2&Drivate ? 


8 
cout <<"wn No erSument coOnstructor of the base clas8 几 
~basel() 
{ 


cout <<'n 4& COFPst1rrctor pe pripate 2 Tso ppat 让 11iea11s. 再 op 10D LSe 0 
} Destmctor in the base class basel ， 


}; 


二 Yes, a Sonstructor can be private. A Private constructor taking no 
ent 
class base2 的 


sand having no other constructors. A private constructor is a Special 
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1 

1 0 
instanCe constructor， 开 19 IN 1 Classes that C j 
Uch a CaS6 other CliasSSes cxXCcept 了 Oht:: 

on 。 In $ 2 este 让 
metmnbeIS y d class | 


allowed to create instanCes ofthis class. For example -~ RN 
class MyclasS 


private Myclass( ) /private constructor 


public static doublee=2.71828; 


The declaration oftheempty constructor Prevents the automatic 
of a default constructor Note that 这 you do not use an access m 2 De TNHRER CE_ piRpan 5 
the constructorit will still be private by default. However the pi ERELATION5T 和 5 Xi 人 RD 下 TYPES, 
is usually used explicitly to make it clear that the class cannot be 二 0 各 汪 2 抽 
The following is an example of a class using a private constructor _ 和 


using Systemy 


2 刀 2 


Wo 


01. Dejzzze 1Pe 1E712 Derila1zce Ai az exd11tple. 
(有 .GPR 卫 .June 2010) 


class Myclass 卫 
private Myclass( ) Jp1atigoeslirajzeritarace meearz (RR.GRP Dec. 2003) 
{} 和 Inhefitance is the ProceSS by which objects of one class acquire the 
public static int counter; pioperties of objects ofanother class, 1.e.， inheritance is the process of creating 
public static int IncCount( ) neWelasses called deriveqdclasses fromthe existing classes, called base classey. 
The derived classes inherit all the properties ofthe base classes, but can add 
returm 二 +HcounterT; their own properties. In this process, the properties ofbase classes are unchanged. 
】} The general form of defining a derived class is as follows 
class MainClass derived_class : visibility_mode base_class 
人 staticwoidinainr) | 本 要” // members of derived class 
/于 you comment the following stat t it will gener 业 1 2 
/an error becaluseithe con 邓 ct is 0 The II Re ee ee 全 ee 
/Myclass myotjeet = TiEw MyClass( );) /Error PUBDlic iT 和 Gongy 9 下 天生 党 et 
有 | efault visibility mode is Private. 


Myclass.counter = 100. 
Myclass.IncCount( ); 


} Console writeLine (New count : {0}"， Myclass ,count 
} 9 。 members ofABC 


For example， 
四 ABC : private XYZVW private derivation 


中 
上 ABC : public XYZ /public derivation 


Imembers ofABC 


ec orienied Programming & NMethodology (Wi-Sem.， CS. 
6 8 本 二 9h 
0.2. 7 pat mg ijeriftarice 国 Mse1l 加 OOPS ? 1 Unit-J1 97 
ov Or ， 。 5 
5 pe 11zapzeriturzce 一 Aderived class with several b 
Discrss 态 e role OF zeritamce 癌 Op1ect orierated Progrw 、， 它 HzeltpLe ES 


iple 1 itance. That 1S， 
CGPr in alled the multiple inherlta 


。 国有 几 半 主 
， om 
418. Inheritance 18 8 natural ee the world on mu Tallowstoc 
discourse, and S0 provides a natural model for object-oriented an 


5. . 
biectoriented desjgn (OOD) and even object-oriented progma ys 1eW The syntax of multiple classes is asjiollows - | B2 
objecf- 


This is common in tbe artificial intelligence (AD domain ， Where Se 人 lassD : visibility Bl, visibility B2 


bine the features of B1 and B2 in the derived class D with 


use inheritance to understand the world 让 USlng classes and 1 

generalization and categorlzatlon byreducingthereal-world sinherento 半 一 了 
Inheritance also provides for code and structural reuse, In the 人 / (Bodyiof class 卫 Maiple 

class all routines and structure available in class computer are availals 和 1iETVO1Ce 

subclasses. This kind ofTeuse takes advantage of the is-a-kind-ofrelatt 僻 Bierarchical 了 paperilaiice - The features of one class may be 

Classlibrariesalsoallow reuse between applications, potentially 遇 


2 allowin，.，， ， ， bvymore than one classsJtis called the hierarchical inheritance. That is， 
of-magnitude increases in productivity and reductions in defectrates 了 ee 刘 n be usedto modify a 
erTi 


classes have already been tested anC further use Provides further when_it did not satisfy the | 
providing even greaterreliability. class 了 ar problem 
With differential programming a class does not have to be moditiedi requireraen 


i 1Additi imbers are added through Di 
closeto what'srequired; a derived class can be created to specialize 放 Additiomal 2 LDL CD ED3 


Jhiss ，+ 二 ， d the capabilities ofa ，”， - 
code redundancy since code would have to be copied and modified othemi 2 em Trisg. 了 3 Pierarcpical Tazperituamce 
clasS: 


@3 Fo doJou acjieve Multiple iperitarce 加 Si718je 六 有 司 时 In C++H such problem can be easily converted into class hierarchy. The 
SJySste11a 2 


(R.GRJ Deei baseielass includes all the features that are common to the subclasses, A 
4ms. Single inheritance means that each class has 加 
isienef ofusing asingle inheritance is the abseniEe of ainbiguity ONisubclass can serve as a base class for the lower level classes. 
of achieving the benefits of mult 


0 iple inheritance in allangUage with 7 Te 天 Th hani f deriving a class 

inheritance is to inherit 各 (Mallevel 11zperituarrce -The mechanism of deriving 

auatheFela 上 二 训 ai the most appropriate class and add anol fom afiother “derived class”, is called the 

Ni away De Or aggregation. Therefofe, as class desigw multilevel inheritance Base Class 

ys to borrow existing functionality in a clagsi One js toinr 
and the other is to use the instance of 放生 .于 Here, class A serves as a base class 
OA Petarete 9 for the derived class 也，which in turn Intermediate 
e djjerenttppes OFaperizarzcE DBEXplaiz ip (0 CR as abase class forthe derived class 。 Base Class 

(RR.GP 扩 JU class B is known as intermediate 

有 抽 ea 人 it provides a link forthe 

) tnce between A and C. The chai 

_ ， Ad 5 e basef 。 ee cnalin 

ls called single Inheritance. That is erlved class with only on ABC is own as inheritance path. Fo. 了 4 Htltleyvel Taperitartce 

Itshows B is abase class 人 


The deriv ， : 了 
| ed class wiit eclared as follows -- 
卫 is a derived class. 天 型 Da with mujtilevel inheritance is d 


Grandfather 


Father 


471g. There are following orasief the inheritanc 


Derived Class 
(人 蚂 Single TPzjzeritarce 王 


人 A // Base class 


Derhdl es 


7 71 兄 


， classR . 
T7jeri 上 l 5 


ng & NMethodoiogy (NS 
ontedg Programm/ng em.， 
98 Object Onen Unit- 川 99 
Diseuss jpe role of ee ia Opject oriented PrograTHEig。 
es 站 人 derzpatio1a : 到.CGPP， 
.alic ZI10 Piya1e ( Jurte 20771) 
la C:public B W/C derived from B Pdt Role of Inheritance 一 Refer to Q.2. 
{ studa 有 d class enhances its features by inheriting the properties of base 
机 der 1 features of its oWmn， The declaration of a derived class describes 


ssanda with the base class in addition to its own features. The syntax 


和 ce* afionship 2 
fp) Brid Tajperitartce 一 When we LTest its 本 浊 d class declaration is aS follaws 一 
eedtwo ormoretypes ofinheritance to design of 3 2 DerivedClass : [VisibilityMode] BaseClass 
] 重 全 
a program， This prOCeSS 1S called hybrid Resut] 
inheritance， 8. 了 .3 807 记 RN 
0.5.V1atis imperitarce 2 玉 at are 态 e djererntjprmes einjeis 人 
ne 0 ee 有 | Thecolon (9) 二 dicates the derivation ofDerivedClass from the BaseClass. 
计 ithbi brackets specifies that it is 
1 ， ,vibilitvyMode encl0sed within the Square ets Sp 
人 we pierin 1 了 visibility mode is private. The visibility mode mnust be 
人 Referto Q.1 and Q.4 人 1 biglic orprivate: Tt means that the features ofthe base class are publicly 


orprivately 这 herited. 

LIfthebaseclass is inherited publlicly then the public members of the base 
ca become public members of the derived class and the protected member 
Ufthe base class become protected members of the derived class. Member 


@6. Hatisiphperitarace2 开 jataredijererntievels oFiaperitance 沁 
1he role of ijerilanice i reksapity or sojjpare， ( 民 GPRR Due) 


41S. Inheritance - Refer to Q.1. 


Levels of Inheritance 一 Classes can be 妆 funefions and objects of the derived class treat these'derived members as 论 
derived from classes that are themselves 5 they are defined in the derived class itself. We know that the public members 
derived. For instance， 训 [Emo] of a class can be accessed by the objects of the class. Hence, the publjic 

classA ee members of the base class that are inherited publicly can be accessed by the 
人 ArrowMea ”objects of a derived class using the dot operator, But， protected members 


Derived 人 om 


classB :publicA ，cannot be accessed with the dot operator 


Deril Itthe base class is inherited privately then the public members ofthe base 
Dil class become Frivate members ofthe derived class and the protected members 
atht of the base class become private members of the derived class. Member 
fn Panctions and objects ofa derived class treat these derived membeis as ifthey 
ie defined in the derived class with the private miodifier Therefore, objects of 
a derived class cannot access these members: 


class C : public B 


9 


HereB is derived ffro 冲 人 A andc is derived 
from B. The process can be extendedi to an 
arbitrary number of levels, ie D could b 
derived from C, and so on. 


Role of Inheritan 
Important part of 2: 。 US ，， 
OO JIts big payoff is that 放 permits code 此 村 ds Multilevel Inheritance - Refer to Q.4 GV)， 


Example _ 


DerivediGlass 


@8 Describe mltilevel iperitance mitp EXG11DLE. 
(R.GCP 态 Dec. 207 忆 ) 


4 


玫 


其 in 当 
in Yinclu 
ng code saves time and money anC SS <iostreamh> 


”< 


了 


ee 


100 Object 


Oriented Prog/ 


protected: 
rollno; 


po void getnotvoid); 
void putno(void); 


提 stud : : getno 人 int al) 

rollno = 3， 
2 stud : :putnot ) 

cout << RollNumber" << rollno<< Am ; 
test : public stud / first level 


protected : 
float sub1l; 
float sub2; 
public : 
void getmarks(float, float); 
void putmarks(void); 


void test : : getmarks(fioat a, foat b) 


Sub1l = 3， 
Sub2 = b; 


void test : : putmarks( ) 
{ 


cout <<“Marks in subjectl =”<<sub1 受 < \D2 
Sout << Marks in subject2 =”" 攻 esub27 << “mn7”， 


人 Iesult : public test / Second level 


fioat total 
puplic : 


void Show(void); 


/ private Dyidefault 


3? 


Iesult : : show(void) 

total = Sub1l 上 + Sub2.， 

putno( ); 和 

Putmarks( ): 

cout << 
) Total =， < total << NAn2>”， 
Int main( ) 
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nl 
上 
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人 result stud]; /Create object 
studl.getno(1001); _ 
studl.getmarks(75.3，50.3); 


stud1.show( ) 
return 0; 


} ， 

09 De 111e 1Pe .111OiS 1er1ts 1idigiyre o1z exQa11itple to shom 并 

2 1 C++ 十 - 于 

readjizat 他 Errcapsulatiomz ( 翅 Cless variables apd 
0 动 及 Repeated iperita1ice (zy) Overioadimng， 


(R.GR 玉 Dec 2009， Jrre 2077) 
418. (人 _E1zcapsuatoP 一 Refer to Q.1 (Unit-ID. 


(让 Class Friaies amzd Ciass Forcetionrs 一 Referto Q.31 (Unit-ID. 


人 iD Repeated77zzjertiaizce 一 Multiple inheritance bringsupthe possibility 
foraclassto appearasaparentmore than once in aclass graph Crepeated inheritance)， 
andthere isthen apotentialto share that class. C++ provides an altemative, where 
only parents specified as Virtual (virtual bases) are shared within the Same class 
lattice, allowing botb shared and non-shared occurrences ofa Parent to coexist. 
All “features”imEiffel (C++ members) of a Tepeated parent that are hot to be 
shiared must be renamed“along an inheritance path”， else they are shared by 
default IEhis allows a finer granularity of control and consistent name resolution 
but requires more work for parents with many features, 

With repeated inheritance，a subclass object may have 
mujtiple embedded objects for the same Superclass. Fig. 3.7 
shows that ifboth C and D inherit a class A, then an E object 
has two embedded A objects, one for C and the other for D. 
Class name A is not sufficient to identify the two A objects， 


(ip) Overioadipag -Refer to Q.25 (Unit-IV)， 


class rpctiopzs 


Fe 了 7 
QI0 Jite ae sport 1O1e 0O11 2Pjerited 1zetiods， ( 民 .GPP Dec 2003) 


辣 下 光 The ability to redefine a methodnamein a derived class allows us to 
inihe: ertled mazetjods for use with a derived class object. Inappropriate 
ee methods may be Overridden or extended by the derived class. 

。 deriisetorientation allows us to override any inherited method by defining 
TIequired 1 method with the same name. We also have the facility, 证 
Unctions 全 Sall any Inherited methods within this new method so that the 

i 7 of the exlsting implementation can be re-used and extended. 
casses Eritanee means that all the methods and variables from the ancestor 
orvari Tome methods and variables of the child class. Any fresh methods 
ables of 


oithe child class in the hierarchy are simply added to the inherited 
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pnfEdl 
Object Orientfe 
2 OU y methods redefined at a chil 5 ， 别 


ariables. An 
erited method. 氏 


人 


methods and 
override the inh 


access butnot decf 
object to ， 
nctlOnallly， 
0 pararmeterS， bnut no IOre. 全 
Byoverriding, an inherited method can be rede ined， Ifan obis 上 
ssagethat does not havea method for that message in the class def 
en works its way Up in the hierarchy until it finds a method with 
] When a Java class inherits 3 method from its Superclass， 由 
implementing tmethod is not Teproduced in the Implementation of 
When inheritance is used for Specialization, a class extends its supatdlt 
orderto redefine some of the superclass"s methods, while leaving undhs 
thetestofthe methods it inherits. The inherited methods that are Iedef 
said to be overridden by the subclass. By overriding certain methok 
subclass specializes the behaviour of its Superclass. 


0.J1. JJTite gsjhort 1iote Oo 711ULGDLe zzjzerita1ace. 
( 民 .G 下 天，.7ze7ze 2004 Decl 


Or 
jet is MUIPpIe zeritarce 2 有 eta do Je PSe Suwcp amp inper 扳 
Cse aza exa11aiple 1 加 Sipe 1pe sy1atax OF 玫 ( 民 .GR 态 De 
Or 
形 Hat is muLbipje zjeritazce 2? xDiaz1za Sip112g exa1N1DIBE， 
(REGPR 了 Joei 
Or 
厅 jat 辣 mzalfiple 训 eritazzce ? Explaizz its zzportzzzce 了 i 0 人 
Spom he comcept of FLNpje iperita1ieE (R.GRP De 1 


4118. When a class is d 


erived from 6 class. This 耿 
is called maxlliple inieriie Imore tan onebas 


11Ce， 
Mnultiple inheritance allowsustoeombine the fatures ofsever 叶 


ee et for derivingneWaiasses. Itis likea 0 
T i 
1 SS ol one parent and the intelligence of the 0 


erived from base classes B 瑟 B2 and B3. 


multiple inher; SR ingle jb 
In the situation Shown 训 fig. 3 ee IS Similarto that forsin8 ,人 若 - 


ClassB1 。 /base class 1 relationship is expressed 
上 
ClassB2 / base class ? 


Je 
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人 B [az] [3 


) // base class 3 


ee B3 5 


ee 


， 入 
/Dis derived from Bl1, B2 and B3 避 了 8 Muliiple 
1 1 ， Tajeritamce 
ClassD : public Bl, public B2, public B3 
人 


inheritance does not;mean that multiple Subclasses share the 
same superclasS. It alsoidoes notimean that a Subclass can Inherit from a class 
which itselfis a subclass of another class. Itis complex than single inheritance. 
But it is VerIy usefuLin certain circumstances，, 


Mnultiple inhefitanceiis not SUpported by all object-oriented languages., It 
is supported by CH+H. Itis complicated and not frequently used. Java does not 
provide multiple 天 heritance, at least not in the Same sense C++ does. Like 
protected multiple inheritance seems like a good idea but we know we need it 
only wiien We arel face to 人 face with right design problem. Since Java uses a 
sifigle rooted hierarchy，we will probably run into fewer situations where 
multiple inhefitance is necessary. The aforementioned interface keyword takes 
care of combining multiple interfaces. 


Example 一 
扩 nclude <iostream.h> 
class M 
{ 
protected : 
int mi， 
public : 
1， void get_m(int); 
8 NT 
{ 
protected : 
int ni; 
public : 
}: void get_n(int); 
classP : public M, public N 
public : 
}: void show(void); 


void MT . 
oldM : : get_m(int x) 
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104 OU 
证 
纪 = 
} dN get_nGint y) 
{ 
全 三 y) 
ji dp show(void) 
人 cout <<“ 血 二 ”<< 伯 < s 让 
cout <<“Pn 三 ”了 曙 风 ， 66\ 53 
全 人 辣 本 地 n<< mn ; 
下 
int mnain( ) 
{ 


了 p， 
p.get_m(10); 
p.get_n(20); 
p.show( ) 
returmn 0; 


} 


0.12. 孜 ie aprogra11t 了 de11ao1Strate PLDPLe ; 


411S, Refer to Q.11. 


0.13.，FGite ae progra11a 1 zzDIemaeTat 1121LPLGi7zjeritance 人 
(及 GPR 记 克 


QUdvattn8es. 
41s. Program -- Refer to Q.11. 


Advantages of Multiple Inheritance -- There are Seyeral EU 


mujtiple inheritance are as follows -- 


电 ， Multiple inheritance permit a class to have more than0 邮 


class and to inherit features from all parents: 


() This permits mixing ofiinformation 在 om tw0 OT 
power in SPecifying clasSeS and 3 


(iD It has greate 
opportunity for reuse. 7 


@7I4 Expluy 
xDLaip te disadvanatages oF 珊 zltiplje 加 jeritanCt 
有 RGBGP 有 和 


-4118. Multi 


The two chief prob 
two different bs Sare jnher 


Ne 妨 odojogy (人 


Sem.， CS 


7T21eritazce 
( 民 .GPP De 


OK 巡 


| 


ple inherita epro 拷 
nce can introduce new problems for 人 0 


ting different methods of tbe sa 祷 
ifi f Cj855 
3 


gg 
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Tom 古 1jpe C++ PrOSTGH211NS [CTSUHQSe, Virtual imperitamce ia 
jd Of Zeritamce tipat SOt1yes SO1te O1 丰 ie proplemts carsed 了 111UL6DLe 
eriia1tCe 2 四 (R.GRKF，June 2075) 
有 Virtual inberitance 1S atype Of inheritance In which the implementation 
rclass iS incompjlete， and asSubcjlass is required for complete definition 
biect, This type of inheritance can beiused in conjunction with both 
d multiple inheritance, but is most commonly used in multiple 
inheritanCe-、 Any class tbat inherits from a Virtual base class becomes a direct 
lass of that base class. 人 Virtual base class may rely on a subclass to 
ne allits methods, but this is not a requlrement. 
C++ 1S the most cormmmonly known Computer language to use virtual 
inheritance. To declare virtual inheritance in C++, the virtual keyword is used， 
Both the superclasS and subclass Imust declare virtual methods with the virtual 
keyword. This tells theCHFEcompilerthat the Superclass is incomplete, and it 
must get informatlon 人 om theisubclass to complete it, Using the subclass to 
complete the superclass does not mean that subclasses ovVerwrite each other 让 
they havVe thel same .base class, and instead the C++ compiler takes care of 
determining what pleces go with each object. Since a Virtual base class is 
required for vifual inberitance, global functions in C++ cannot be declared 
virtual.This imnheritanmce type can onlybeused when adheringto object-oriented 
rogramining principles. The reason for this is that global functions are not 
assoGiated with a particular class, and so are usSually self-contained on their 
own Withiout a superclass and subclass inheritance cannot happen, so global 
factions and virtual inheritance are mutually exclusive. Global functions can, in 
the0fy be used inside virtual functions, but the reverse may not alWaysS WOIkK. 
Virtual inheritance is used to solve many programming problems, and one of 
the most useful is resolution of ambiguity In multiple inheritance, one may have a 
base class Athat has two subclasses,B and C, andthen a class D that inherits from 
both classes B and C. This pattern is commonly called the diamond of death because 
ifclassesA,B and Callhave implementations of the samemethod,itisnot possible 
for class D to determine which implementation it should use， Virtual inheritance 
solves this problem because each class”s implementation remains distinct, and 


# therefore unambiguous. This distinction is handled by specialized intemal objects 


Re virtual tables that keep track of each object type， butthesetables do notneed 
explicittymanipulatedbyaprogrammerbecausethey are builtintothelanguage. 


C@TI6. Explaim virtual 训 mperitance 太 C++ (R.GR 了 Dec 2003 


Fite e sport mote oz disinperitance. (R.GPF， Dec. 2003，2003) 
Jp 

at do you maea1a py ipe termt cdisinzjeritance (R.GE 卫 Dec 2000) 
Or 


xplaip disimheritarce mitp EXC111PD1e. CIGRP Dec 2012 207 


led Programming & Methodo/ogy ff/- Sem_， 二 
jagramming Janguage cannot- an Sould not- di 上 
from every desl8 method. Similarly， a design IANA 
feature of evVeIy programming language. 人 
less concerned with detalls than a Ts 
mming must be. 引 Mi 
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8 
是 抽 rogrammning language does not Provide facilities 
二 from the design directly a conventional mapping betwe DN 
ac0 Cing janguage construct should be used. For example, ths 册 
和 that every 0peration not defined fora class A should be 二 
测 册 ofaclassB pointed to by aP 网 CDnOY Xpress 卜 
However the expression of 相交 I 
one could easily imagine a PIOgFam generating the code. Consider 二 
class 也 
void 区 》 
void g( ); 
void h( ); 
}; 
class A 
{ 
B * p; 
vold 姓 ); 
void 依 )); 
和 


Aspecification that A_disipper 汉 。 员 
et ipzjerited to B through A :2:p Wouldi 


ClassA 
{  B*#pVWvirtual inheri 
ta 
vaid 全 外 Titance through p 
void f ); 


Vold &( ) fp SS 


voidht) fp 二、 8 ))》Wdisiaherit &() 


h( );} V/ disinherif h() 
ls fairly obvious to a 


开 
this design conc isi 
eptofdisinheritance in code is clearly inferior， Suchre 由 


Thus, itis clear thatt 
are totally theoretical 
rejlationship does not 


1 
De COncepts of qisizzjeritarzce oOF virtual 各 


concepts whi 
六 which are used when atrue superc 


i 
Programmer What is going on here， 妈 


ae 
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eritance should only be used when a true generalization relationship 
Inh tance means that each instance of a subclass truly is an instance 


eIi ， 
. JImproper USe of inheritance leads to programs that are hard 


轧 四 ， ， 。 
和 人 Diszrzperitarzce (2 INP1e iperitarrce. 
仔 Diszraperitazzce 一 Refer to Qil 0. 


5 
人 Liple Jpzperiiajzce 二 Referto Q.11. 


( 动 MU 
.718. Bom c4 
class HE AOL 
41ng. One of 也 


So tbat changesjto ft : 
public and private operationsSias 一 
PubliciBperatiomsiare visible outside a class and have published interfaces. 


Once a public 0perationm is used by other classes, it is costly to change its 
interface sojpublic operation should be carefully defined and change prone 
opeiations should be defined as private so that they will not be inherited. 

Eiivate operations are internal to a class and are used to help implement 
feipublic operations. Private operations can be deleted or their interfaces can 
be cfianmged to modify the implementation of the class with impact limited to 
other methods on the class. Private methods add modularity Internal detalls 
ofithe method only affect methods on the class, not other methods. 


0.719. 有 8 这 azzmpayy possiBle Jpr tpe ojects ore deriped class 加 0CceS5 
fie private 1te11apers or the buse class 2 1rJes Fom 2? 
O7 
om ca1z ye 11agKe pripate 1ze1apers ieritapie 2 Boxpleir im Drie 太 
Or 


邦 jpy are protected mae1jz5ers said 10 5e “it1jzeritaftce ready 2? 
人 R.GP 及 Dec 2003) 


Yes, the object of a derived class can acCceSS the Private members 
ga e class by replacing the private keyword in the base class with an 
atlve keyword “protected”. 

记 ee athird visibility protected， which serves a limited Purpose in 
within its cla member declared as protected is accessibleby the member fonctons 
are not ac SS and any class derived immediately 人 om 六 The protected members 
cessible from outside the base or other derived classes of this base class， 
人 memberis inherited in public mode, it becomes protected 
rived SR too and, therefore, is accessible by the member functions 
ed class. It is also ready for further inheritance and hence protected 


11 0052Clasy PrDiect deriped classes So 1Rat cparzges 1o the 
Leecr temma 机 (R.GPF，Dec. 2004) 


SAWays, byiwhich a base class protects the derived classes 
he Tase class does not afifect them is by distinguishing 


j08E 


in the de 
ofthe de 
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108 OU ， 
本 48 了 9 
members are also Said to be Zeritiz7tCe read 人 A Protected nm ui 罗 
， ivate mode derivatIOn becomes PIIVate in the deri mba ,ved class overrides a multiple-derived inheri 
inthe privVa berfunctions ofthe derived cl ved clas 册 让 于 Im peCerved inherited method， 
it avajlable fo tbe me cliass but it \， 外 base clasSS method as part of lts Implementation. 
not 


; tected derivation， 3 
herltanCe， In PTO both the publi 机 but calls 的 人 derived class accesses an attribute or method inherited from 


for further ip 
members of the base class becomes protected members of nl AN estor by multiple base classes. 
Therefore protected members are called inheritance ia， jingle an5 
modetheycan beinherited at least once il.e., by the class ee bs 7 Jat 1 Basic DrOPertes Ortipe prplic and private iperitartce ? 
ae ived，、 此 :Le 
本 the base class contalning the protected member nn Fxpl1ai disinerilance E (R.GPB Jure 2075) 
， ， 姜 41g, When base class is pripate 太 误 heritated by a derived class，public 
局 20. 邦 je1z deripizgaciassjo1a4200se cass it Protectel ，of the base classS bec6me "private members” of the derived class 


When， membeIS the public members of thejbase class can only be accessed by 


Public mielibers or tpe Du5e clasy jecoO1te Protected 7zemabery oO dtherefore 
tt 必 8n 1 1 1 ] 
cllSS ? (R.GP Ja the member functions of the defived class$ They are inaccessible to the objects 


ed clasS， 
On the otherjhand， whemithe base class is Public inherited，public 


andprotected members ofabase class become protected members of membeIS” oftheibase class bec6fme 'public members” of the derived class and 
class. As with private inheritance， the interface for the base classisa 让 therefore they aTe accessibleito the objects of the derived class. Im both the 
the derived class, but not to the outside world. The main diffans cases, thejprivate meinbers are not inherited and， thus， the private members of 
private and protected inheritance occurs when you derive another oa a base Cjass Wi aeverbecome te Re 
the derived class. With private inheritance, this third-generation class 如 DiSinfieritance 一 Refer to Q.16. 
中 ee of the 2 ea ee That's because the pt 包 23. 机 OP CN2025UE CO De resolyed ?2 
ethods become Prlvate In 1 j ， 

下 和 上 人 ee and 瑟 IVate IDemn yw Two base classes may have member function with the same name， 
人 ee 和 ythenextlevel of derivatiom Withpm TGSamne of the function alone is insufficient，since the compiler cannot 

methods become protected in the second Wi figure out which of the two functions js meant， Consider the following two 


dg Protected inheritance 1S 3 variation on private inheritanes 
keyword protected When listing a base class. With protected iihaie 
! 


”fthe derivV 
遇 (ff 

6 
惟 


and so are available intermally to the next level of derivation classes 一 
Q@21. Hom the amtbiguitgy arises 训 12ONPDIe zeT1itarrCe 
ne SO0me CaseS， multiple inheritance is 3 straighEforwatd 亚 public: 
oftwo or more different class 语 jinto sing Glass, The ne void display(void) 


ee of other classes $@ hatthe Wholejis the sumofif 
ofthe ER ISnotalways Piesentibecause theremayte 下 
RE ase classesiWhich overlap in SOimpe way. This maybeo 和 
SSes have polymoiphic Tiethods. A derived cjlass Cannt 9 N 


Imore tha ， 
ne ee 的 with the Sainename ithout the Pro 经 ammmmeI 可 . 
guiienta aon of which implemieiitation of the method is beingt ， EU 
tree. Whi ie There may also be a common ancestor 了 8 外 vold display(void) 
wanlcn means that the da 
是 可 Satme attrib { 3 条 herite 
0 ute or method ls z 人 
人 paths. Because ofthese possibilities, there ar } 人 
Rn multiple inheritance can cause ambiguity 
和 
志 Aderi Ca 1 these display( ) function is used by the derived class when we inherit 
different in Inherits two methods with the sa 1 within 人 ? We can solve this problem by defining a named instance 
be semantically different omaits multiple base classes. Thes 隐 ved class, using the class resolution Operator with the function 


cout <<“class MNn ; 
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110 Object 中 
所 K Unit- 诈 111 
1ow 后 
as Show 本 public N 
class 了 : pu Example 
Hi int main( ) 
pu 1C ， . . _ 
void display(void) / overTides display( ) of b， 
{ nd b display( ); 
M :display( ); b A::display() 
} b B::display( ); 
} return 0; 
We can now use the derived class as follows -- kind of ambiguity arisesjif welderive a class from two classes 
int main( ) hat are each derived frofmma thie same class。 This creates a diamond-shaped 
tha 
{ inheritance tree。 
PPp; Example 一 
p.display( ); Class 人 
um pu 
} void fanc( 玉 
Ambiguity may also arisein single inheritance applicati | 用 
consider the following situation 一 dlassB:publicA 
class A { 史 - 
f classC : public A 
{《 克 
class D : public B, public CC 
Vold display( ) { 
int main( ) 
cout <<“AN>， { 
} D objD; 
中 objD.func( ); / ambiguous : won'"t compile 
ee :public A ) return 0; 
public : 本 B and C are both derived from classA, and class D is derived by 
Void display() ER 8 inheritance from both B and C. Trouble starts 二 we try to accesS 8 
{ er function in class A from an object of class D. 
cout <<“%BNn>. In this example， objD tries to access func( ). Howeven both B and 人- 


contai 
ie copy of func( ),， inherited from A. The compiler cannot decide 
1 0py to use, and signals an error 
In this case， the 所 


人 and, therefore 了 in the derived class overrides 

nction defined pie call to di objecty nm 

by using 了 b InB only How 这 1Splay( ) by 也 fp 1 曾 灿 内 nless 
e SCope resolutig b we may invoke the fonc' 


nn 
operator to specify the class， 


Th 
。 邮 Retthat st se various advanced ways of coping with this problem， but the 
Wi multiple cnambiguities can arise causes many experts to recommend avoiding 


in i 本 本 昌 站 
we Teritance altogether. We should certainlynot use itin seriousS PI0 gram 
ave considerable experience. 


je 
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Ooe5 0111751 芍 ) 011Se 17 1anl1ipl1e jp an 
Je DTFOS1CQI1 太 2 C++ 如 create 2 der Qitce ， | 
resojye yonggy Name) 08e FrO11710, ICPs emtpcode ana cas 
0 .50Se Cj085 Stadet abENS 4 ee ro no， moon 有 nl 
Juse clasy 站 e1tpLOJeEE paVB CO Snd 几 、 

1ossesureijaerited1ro1a asiflsle base Gd 


TeseBo 雪 5usSec 
ze1bers TINIE ua1d lge. THe PrOSTCT1 SHporLd carry orrr 1 2 


old OUIDHE ) miember iurictiors 7 (RGRR 
人 
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1 
名 


Fat are 纺 e Diguities 太 Gt GTise za JUPLe 六 Herito， 
(Ce 


妨 ey be rejjtOyed 2 人 R.GP 相 
4118. Refer to Q.21 and Q.23. el 


Program 一 
#include <iostream.h> 
class Person 
protected: 
char name[20]; 
int age; 
public: 
人 InputPersonDatal ) 
cout << "Enter Data for Person'"， 
cout << “Enter Your Name <19-Max>:”; 
cin >> name， 
cout << Enter YouUr Age: ; 
cm >> age; 


} 
人 OutpuiiEersonData( ) 


cout << 'Name:" <<name << endl, 
cout << 'Age:" <<age<<endl; 


2 Student :Virtlialpublic Person 


protected: 

Int roll no， 

marks: 

本 imputStudentData( ) 


co << "Enter Data for Student ; 
Out << “Enter Roll No 
cm >> Toll no， 2 
cout << "Ente _100> 沁 5 
Ci > 0 the marks <max-10 


Unit -ff 
void OutStudentDatal ) 


| 
cout<<"Roll No. :"<<roll no<<endl; 
cout<<"Marks:"<<marks<<endli; 


} 
本 Employee : : Virtual public Person 
人 protected: 


int empcode; 
char desiE[20]; 
ublic: 
Void InputEmployeeData( ) 


colt <<"Ehnter data for Employee ; 
cout <<"Enter Employee code:"; 
Gina>>empcode; 

coUte<"Enter Employee Designation; ; 
cin > deslg; 


} 
Void OutputEmployeeDatat ) 


cout <<"Empcode:"<<empcode<<end]; 
cout<<"Designation:"<<desig<<endl; 


}; 
class Detail : : public Student, public Employee 


public: 
void InputDetail( ) 


InputPersonData( ); 
InputStudentData( ); 
InputEmployeeData( ); 


} 
下 OutputDetail( ) 


OutputPersonDatal ); 
OutputStudentData( ) 
OutputEmployeeData( 广 


上 

int main( ) 
Detall d; 
cout << "INPUT "; 
d.InputDetail( ); 
cout << "OUTPUT '; 
d.OutputDetail( ); 
return 0; 
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/ 
object Oriented Fr0g ， ran Unit-W 775 
114 OHbec Jr1uU15aSe CU0SSeS ? om 并 oyvercomiehe 钟 1 下 -1/ 
0.25 Jatare 网 2 (R.GPT Cd liminate this amblgulty，we make parentl and parent2 into virtuaj 
Of WiDLE jpjeriance Or ee 好 人 as shown by the following example -- 
| Cla5S，” ; classes 
Jite shortnote OP Virtual5ase class.(R.CGPF，Dec. 2001， | baseC ”1/ ee 
六 、 。 。 e S 
Virtual base clasSeS 8aT' mainly deslgned ln Order to oa 炊 clas 
， ne eofmultiple inheritance. Multiple inheritance refers to el protected: 
ne vasshaving more than one base classes. Under multiple AN int basedatal 
aneW 


ept there are certain Situations In which a derived class inher 
COnC 》 


itsf } 3; 
d data/variables from different base ClassesS. She class parentl : virtual public 贡 andparent 
protecte 


R 
tion where all the three kinds of inheritanes Wares copyiof grandparent 


Consider a situa ie 和 Ce nam 人 上 
multileveb multiple and hierarchical inheritance, are Ved. Thisis ihsw class parent2i VirtualPpublicjgrandparent 
in fig. 3.9. The Child， has two direct base classes“Parentl” and an /Sharesicopy of grandparent 
which themselves have a coOImImOD base class“Grandparent". ; 

In this arrangement， 3 problem can arise 夺 a member fonction class cliild: public Parent1, public parent2 


child class want to access data OFT function in the grandparent Class, 从 


program Shows what happens. 
// ambiguous reference to base class 


public: 
int getdatal( ) 
{ return basedata;} /ok: onlyone copy of grandparent 


class grandparent } 

， protected: OZ 到 Jatis 71arlpIe ijeritartce atd atare 克 aSsociated proplerris ?2 
1ba 和 本 开 does 1Pe corzceptl OF Peritaftce OF specticatiors je 四 如 overco11te 

) 人 08. 了 9 Mpa ieseproplems 2 已 cplazzz 

， Tajperitaice 

class parentl : public grandparent 人 Inheritance -- Refer to Q.11. 

{1 Diftticulties in Multiple Inheritance 一 Conceptually, mujltiple inheritance 
| 1 slImple but it does introduce some Practical problems for programming 


languages. Two issues must be addressed bylanguages-- clashes amongnames 
from different superclasses，and repeated inheritance、Clashes will happen 
when more than one superclasses provide a field or operation with the Same 
name OT Slgnature as a peer Superclass, In C++, Such clashes are resolved 
with explicit qualification Repeated inheritance happens when more than one 
int getdata( ) Peer Superclasses share a common Superclass. In such a situation, Inheritance 


性 
class child : public parentl, public parent2 


Public: 


latti ， - 
(returmn basedata;} 人 ERROR: es will be diamond-shaped, and so the question arises, does the leaf class 
ambiguous Se e copy or multiple copies of the structure of the shared Superclass ? 
pptmoacb guages prevent repeated inheritance, some unilaterally choose one 
和 8 


A compiler error oceurs nd others such as C++, allow the programmer to decide. In C++， 
attempts to access basedata in he parel "onrvirtual 交 asSes are used to denote a sharing of repeated | 让 
Parent2 classes are derive grandparent. Why? when tbe 呈 li ase classes result in duplicate copies appearing in the subclass. 


inheritgs 8 ， Q@27 7 
grandparent, this copy is ee 0 Inperir Discruss re varioms morkarorads 加 deal miip jack or multiple 
1 


is own copy of grandparent， Wi  ， 4 ee 
refers to basedata，which ae including basedata， 0 Si issue ne Dealing with lack of multiple inheritance is really an implementation 
ambiguous and that's what th 人 由 we restructuring ofa model is often the easiest Way to work around its 


Sence. 
“compiler reports， Yome Iestructuring techniques are described below. Two ofthe following 


让 多“ 


6 Object orienled Pogramming & Menodology (Sem, CS 
. 本 “18 
of delegation, which ls an Implementation ?o Lit -JW 7T7 


ds an operation to another object for 本 echank f these workarounds can be made to w 
Cution 沁 An and maintainability Some issues to 


,qd| 5S 二 
-clay ， Jog workaround 


approaches make USE 
which an object forwar 

人 Delegatiom MD 488regeatiom oO Roles 、A， 
multiple independent generalizatlons Can be recast as an 


ork， but all compromise 
conslder when Sejecting 


ization_ Thi .ov8gatej， 人 了 be bclass has Several Super 
each component replaces 3 本 ai ee is simila' 上 师 也 人 下 asu eautai ee cjlasses, all of equal importance， 
accidental multipie inherltanCe， CPLDLaeeS 汪 Ne obis 机 ybe best to USe “symmetry in the model. 


a unique ID by a group of related objects that compose an 的 下 008 Superclass clearly dominates and the others are less 


extenda th 


Jnheritance of operations aCIOSS the aggregation js not automatic, 中 ortant implementing mnultiple inheritaiaice via single inheritance and delegation 
be cauight by the join class and delegated to the appropriate componw 中 IO be best 和 
Imthisapproach, the various join classes neednot actuallybe created 了 


classes.Allcombinations of subclasses fomthe dififerent generalizations ar 和 人 Pay Status 
N 
(人 Tajerittpe MostTDOFGT Class a1ad Delesate the Rey 让 
3.10 makes a join class a subclass of lts most Important Superclass Emplo = 
Employ mployee 
Pension Pensi 
本 到 ension 
Panmsion Status 人 Status Status 


Employee Hourly Hourly Salaried Salaried FExempt 
Vested Unvested Yested Unvested El 
FEmpluyee Ermiployee 下 mpjJoyee Employee Employee 


pay Status 人 了 Pension Status 


Fai3I2 rtp1e 11ajzeritarrce US Nested Gemreralizatiom 


(ii If the number of combinations is small]，consider nested 
geiieralization. Ifthe number of combinations ls large, avoid it 


Fig. 3.10 Mulfiple Imajeritarace xsimzg Delegeatiom (iv) If one superclass has significantly more features than the other 
局 superclasses or one Superclass clearly is the performance bottleneck, preserve 
Employee 
Penmsion 


inheritance through this path. 
. (V) 开 you choose to use nested generalization, factor on the most 
Pay Status “人 Pension Stat 。 Important criterion first, the next most important second and so forth. 
(VD Try to avoid nested generalization 让 large quantities of code 
Salaried must be duplicated. 
了 mployee (vii . 家 2 ， d 
Ce VI) Considerthe importance ofmaintainingstrictidentity, Only neste 
FiB. 了 17 Multiple Jperiee Sij2g 77zpe7Fizzrzce CC Delegolol ，“” alzation preserves this. 
耻 
人 


& DiJererriare betweenrz Semeralizatio1z ad ijeritance 
siamilacit Generalization and inheritance are powerful abstractions for sharing 
's among classes while preserving their differences. 


mnheri 
using ance Tefers to the mechanism of sharing attributes and operations 
”generalization Concepts. 


in fig. 3.12 under e Generaliz i; ， ， 

ExemptEmployee Re bunyEmployee， SalariedEm 吧 versions On S the relationship betWeen a class an one or 下 aa 
This preserves inheaiphiiee ee 汪 0 3 中 Version is call 让 ee IE Se 四 请 
全 ut duplicates declarations and code and tank *da Subclass. For example, equlipment jsthe superclass of pump 
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329.Dis1i118 
俊 7T1zperita1zCe C1d .POPOPPDANS11 
( 动 paC111C Jpdizzg a1ad 11zeSSaSe PaSSi118-。 
4115.( 动 TajperitazcCe a11d Polp11tO7PHES111 一 The differen。 
ymorphism are 3S follows 一 人 加 


inheritance and pol 
Zrzperitarrce 


Polymorphism simply 


Inheritance is the PrOCeSS in 
name havin .eans ， 
gmujltiple fomns 人 


which new class reusing the 
properties of the existing ones， 
Jt uses base class and derived 
class 

It does not use overloading 
fnctions and operators， 

There are five types of inherit- 
ance 一 single, multiple, multi- 
level, hybrid and hierarchical. 
Htprovides the idea of reusability. 


It does not use base 
derived class， 

It's used overloaded functi 
Operators. 

There are two types of polymo 
phism -- compile time andmu 地 
polymorphism. 
Htdoesnotprovidetheidea ofreusabi 


Class t 


0 欠 


(2 Dymamzic Bi1adi118 120 1MessaSge Passizzg - The diffew， 
between dynamic binding and message passing are as follows - 


Djrraraic 妃 i72di11g 


Binding refers to the linking of Message passingidoes not 多 
9 procedure call to the code. to the linking: 
和 ee information | Information Should be pasi 
pass from one comput hr 
ne puter| from oneicomputerto ol 
It is ， ， 
Ra ee with polymomhis 于 | It does mat associate with 
Se polymorphismjandinhertgt 


1Hessage Passii 大 


Inheritance，such 
hierarchical, as sh 


Lnmir-AH 7T73 


derive propertles 他 om 3 singje class named Super It Impjlies that there 
扣 two copies of class SuUper In the final class. A Super ciass may contain 
Wi memberSs such as name and salary. Two names are fine but what about 
do salaries， What ifyou are an employer and not an employee， 


31. Jie QPrOSTO1E 友 Spom that tpe declaratiorzr ore class Tecte11Sfe 


四 有 罗 外 四 
id prjzesj15o1z 1e class S9HUQre， 圭 taderires1jomwt1peclass pepe 
( 


卫 力 pC7e Cevelop11ze1zt PDFOBL ea 
Parti6io 4 SO11i PFCOULemz or Jorr cjoice Paio ct 
ojects aad 1atetjotd at 太 ejigjestyevel ord ww DO clayses， 


1BCL053ES， 
(R.G 忆 Fuzre 20761) 


.4119， Hinclude <iostream.h> 
class Shape 


public : 
void getdata( ) 


cout 和 <"Enter details 一 "， 


} 
}》 
class sqUare: public shape 


phnvate : 

int 3a，T; 
public : 
void getdata( ) 
{ 


shape : : getdata( ); 


cout << Enter side of a square :"; 
Cln >> 3; 


人 Showdata( ) 


T = 3a#a， 
CO 11 1 
ut <<"Area of square is : "<<a<<end/. 
上 
class r 
; ectangle : public Square 


Private 


2 b， 工 
public . 


void getdata( ) 
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0 


寺 
are : : getdatal ) 
0 <<"Enter length of rectangle:"; 


cin >> 六 ， 
cout <<"Enter breadth of a rectangle :"， 


cin >> b; 


} 
void showdatal ) 


square : : Showdatal ) 
T= fb; 
cout <<"Area of rectangle is : "<< T << end/. 


} 

》 

int main( ) 

Tectangle obj; 
obj.getdatal ); 
obj.showdata( ); 
retum 0; 

} 


@32. Creale ga class callied dizzze1zsio7z CO121G171111S 态 err jioat 知 砚 
4 CO11SITUCLOr IO CCcepl palues. dso declare ua pure pirtaal eaetiopognl 
六 让 ( 民 .CGRF，Deei 外 
O7r | 
Create a class callied denasiopz CO12aZ121118 17ee HIOaL dt 串 
CO11S1UCLOr iD acceptyalues. 4d1so dectareg DTe VIFIGEJrzctiO Oil 人 
区 Createlreederipedclasses rectax1z8Le, sgHC7eGR 辣 Wia1EIEeacpinje 
drterrsiomz CSPUbjic Deyirre correspomadizzg co1i51rrciOjSiand7ede1ine 用 
上 AcCHOP Crea 训 eac 有 Jite er co1aple 纪 及 osrl1 HL a15O Prizt 弛 
O1 virtual inactiom used eacp ze ared is Pzizzted 全 GPRPDie 
4d118- 
芍 nclude <iostream h> 
项 nclude <conio.h> 
class dimension 


protected: 
float / b， h; 

public: 

dimension (float /1 float bl, float hl) 
Lib=blih=hly 
virtual void area()= 0: 


{ 


float 3a7T， 
public: 
rectangle (float /1， foat bl, foat hl): dimension (1 bl, hl) {} 
void areal ) 
| 
ar 一 /bi 
cout <<- Virtual function of rectangle is called”<<eon?， 
cout <<“Area of iectangle: ”<<ar<< “mn?， 


} 
}; 


class squaife: public dimension 


{ 


fioat ar; 

public : 

Square 人 float /1, foat bl = 0, foat hl = 0) ; dimension (11, bl, hl) 
{ 


void area( ) 
ar 三 !# |]; 
cout << “Virtual function of square ls called ”<<“ “mn ; 
cout <<“Area of square is:”<<ar<<“m”; 
} 
} 


class triangle : public dimension 


float ar; 
public， 


tnmangle (float 1, float bl, float hl): dim (11 bl, hl) {} 
void areal ) 


中 ”jh/2; 

8 。 9 rr5g 人 3 
Sout <<“Virtual function of triangle js called << Am : 
cout <<“Area oftriangle is”<<ar<< An 


} 
} 
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( 
int mainf ) 
clrscr( )) 
dimensiont dim[3]; 
rectangle rl(2， 3); 
dim[0] = 信 T1; 
dim[0] -> areal ); 
Square S1(4.0); 


dim[J = &s1 


imfH_> areal ); 

dei 让 (0 2 和) 

dim[2] = 《tl; 

dim[2] -> area ) 

getch( ); 

return 0; 

} 
0.33. Desigm 态 ree claSS Studerzb exQ7112 C11d resulis，mjhere ra 
inajerifed romi examt and exan1t 谷 训 jerited 万 omz SUudent 下放 pm 
coristrrrctors 10 inifialize 1e ValueS. 7ite a 1aazipz anction to 1 
cotstructor executiort creati11S O8Ject，(R.C 忆 天， .aerze 2009 Dee 妆 


41ik. #include <iostream.h> | 
class student 


protected: 

introllno; 

public: 
void getno(int); 
void putno(void); 
student( ) {rollno = 0} 


下 student : : getno(int a) 


rollno = a， 
ee Student : : putno( ) 
cout<< Roll Numbep:<<rollino<<wn?， 


人 sxam : public student First level inheritance 


protected : 
foat sub1: 
float Sub2; 
public: 
Vold getmarks (float, float); 
vold putmarks (void); 
1 examtl ) {subl = 0, Sub2 = 0;} 


WUnit-H 723 
: getmarks (float a, float b) 


void exam 
{ sub1l 一 3 
sub2 = b; 


1 dexam : : putmarks( ) 


{ ut <<“%Marks jn subjectl <<sub1<<em>， 


if <-<“c<%Marks in Subject2 =” <<sub2<<'“%n”， 

C 

二 results : Public jexam /Second leve] inheritance 
{ 


float total ; 

public: ” 归 
voidshiow(Cvoidy 
results( ) {total = 0} 


2 result :5 Show(volid) 


total = Sub] + Sub2; 

putn6t ); 

Putmarks( ); 
cout<<“Total=”<<total<<'“ mn7”; 


} 


int main 


Tesult S] ; 
S1.getno(1001); 
sl1.getmarks(75.35，56.5); 
S1.Show( ); 

returm 0; 


} 


多 34. Jr7zre ax Progra71a Jp7icP readts 态 e jio-data and records o1 10 


SesSionalardzpep PTiat1izzalresrE apesepareteclassy1prbio-dat ES 
SOna1 2 0 JizzalresrEE Sessiomzal Ta1zdsessio1a12classesarederined 


刀 0io-data class 到 Oo11t SeSSiO1G1 7 011d SesSsi07101 2 
.Fiad resut indejizzed 廊 仿 GR 太 Dec 20710) 
<4nxs #include <iostream.h> 


Sonst int MAX LEN = 235 
class bio-data 
{ 


brotected : 
int roll-no， 
char branch[20]; 
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》 
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， 呈 
ublc: ， 
6 Read_bio_data( ) 


{ 


cout << 中 oll Number' : 
cin >> roll-no， 
cout<<"Branch Studying: 
cin >> branch; 


) 
void Display_bio_data( ) 


cout <<"Roll Number: <<roll-no<<endl， 
cout <<"Branch: "<< branch << endl， 


} 
class sessionall: virtual public bio-data 
protected: 
int marks1，marks2; 
public: 
void ReadData( ) 


cout <<"Marks scored in Subject1:"; 
cin >> Imarks1; 

cout << "Marks Scored in Subject2 六 
clin>>marks2; 


} 
void DisplayData( ) 


cout <<" Sessional 1 miarks scored 也 
subjectl :<<marksli 和 < endl; 

cout <<" Sessionallimarks_ scored in 
subject2 : "<<marks2 << endl， 

cout <eWiSessional tot 浊 inarks scored < 
SessionalliEotal( ) << endl; 


SessionallTotal( ) 


Ieturm marksl 二 marks2; 
和 
class sessional2， virtual public bio-data 


Protected: 
int marks1，marks2， 


Lit -11 

public: 

void ReadDatal( ) 

cout <<"Marks scored in Subiectlm 

cin >> marks]l; ee 

cout <<“Marks scored in Subiect2.n， 

cin >> Imarks2; 1 

} 

void DisplayDatal( ) 

cout <<iSesSional2 marks Scored in Subjectl2:" 


<<marks1<<endl' 
cout << "seSsional2 marks Scored in 
Subject2 :<< marks 2 << endl. 
cOUt << "SeSSional 2 total marks scored'"<< 
Sesslonal2Total( ) << endl; 


} 
int Sessional2Total( ) 


returm marksl + Imarks2; 


} 


} 
class 了 inalResult: public sessionall, public sessional 2 


private: 

int total; 
public: 
int TotalMarks( ) 


total=sessionallTotal+ sessional2 Total; 
return total]; 


天 


int main( ) 


FinalResult studentl ; 

cout <<"Enter data for student1.” <<endl 
student1.Read bio_ datal( ); 

cout << "Enter sessionall marks,…. 
studentl.sessionall : : ReadData( ) 
cout <<"Enter sessional2 marks.…- 
studentl.sessional2 : : ReadData( ) 
cout << "Student details:”; 
student1.Display_bio-data( ); 
Student1.sessionall : : Displaymate 
student1.sessional2 : : DisplayDatat ，， 
ENE。， al We 2 Ptudentt TotalMarks( 有 


" <<endl， 
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0.35. 了 13 本 
dg The following 巷 


36. Nat 016 

Dr (RCR 罗 必 、 
Batare 纺 e LEHfererzt Kiads ， FelatiomsHzps jeteen classey 罗 
oagcj relationsjpzzp Joii1 CE EXGIEDLE， 于 (R.GPP Je 
Explairn ie relatioms1zp CO1S ClLaSSes 7 Sipizzg Suitaple ex 
(R.GPP Dec ) 0 各 
O1 ) 抽 

Dejize djjerent tpes orrelatio11s1zzps Petpeerz classey. 
(月 .GR 甩 Dec 加 


4ng Class relationships describe how classes within a program in 
with each other They are important in object-oriented design 让 
help to understand how a program is organized, and this understanding 
us write the actual code for the program. | 

When we use natural languages like English to descripe objectori 
programs, We generaliy use Verbs to describe relationships between ca 
while nouns are used to describe the classes themselVes. The differentlt 
of relationship among classes are as follows 一 


的 dripute-Anattribute is said to model the jay aielatiot 


We say that an employee has a nanae, for example. 
[ECRuse the attribute is entirely enclosed ,within the class, 中 册 
usually consider it when working with class diagrams: 
2 -. An associatiomiis the most commo 中 
ip Detween objects. In an association One object usesS anothertf 


to help i 
p it carry Out a task. For tiSireason, &8sociation is often cajlel ， 


relationship. Te ; 
网 站 。 NS like “uses7 kc y ， 人 了 弥 ?9 cde end 
request", oretells” probablv id sendsito”， “gets 他 om,，- p 


yindicate associatl 
iDME alas ai icate associations， 
3 二 1agrams， 43SOClatlOmS are indicated by ]ines$， 


Cl 、， 7 ， 
ED 


LSs0cialion Pig 了 .15 dssociadiomn mi RN 

记 oa 光 ， 

classes being 人 一 Associations can go both ways 二 Once ， 相 

with classAaskin 人 Tequests ofthe other More often thbey 氏 o0 本 

direction ofan 本 Ce itoub butclassBnot asking class 人 mn 1 
latlon ls called navigability and is represenfe 


炎 


35 Shi 


Li -HT27 


asmall 0pen arrowhead pointmng toward the collaborator(B). ffeach 
diagrar， the other to do something， then no arrows are used; just an unadomed 
cja55 3.15 shows association with navigability ffom Ato B. 
line [4 ggreSatio7 一 The second major class relationship is aggregation， 
egation means that one object (say A) contains other objects (say B, C and 
Ag 多 other Way to Say this is that B, Ciand D are part ofA. Examples are an 
Book object containing many people objects, and a seminar containing 
students- Aggregation is Sometimes called the Part-of relationship. 
UML terminology thejobject that 
ontains the Pa 1S called the WAoie. 严 
和 paragraph above,A 这 the whole, while 
BC， and D are the Parts. 
ImUML clasS diagrams, a555e8gation 
blines 全 om the parts 
n empty diamond-shaped 
tojthe whole. This is shown in fig. 3.16. 


; icted 
人 Fig. 了 76 48gregatior 
arrowhead pointing 

(Co1zapos 友 om 一 Composition is a stronger kind of aggregation， 
in Which the parts are neceSSary to the whole and are more permanently 
bound to it. 

Formally a composition relationship must satisfy three criteria. First，as 
in a@egation, classes 卫 , 人， and D are part ofA. Second B, C andD cannot be 
part of any other class. Third, B, C and D have lifetimes contemporane0us 
With A. 

InUML class diagrams, composition 
is depicted with lines 他 om the parts that 
meet of a filled-in diamond shaped 
arrowhead pointing to the whole: This is 
shown in fg, 3.17. Fig. 了 77 Co1mzDOS 让 oO1 
neralization ls another name for 


Inheritance. In OOD the terms superclasS and subclass 3T6 often used 
instead of base class and derived class. The superclass is a generalization 
the Subclass, in the same way the Mammal class is a generalization of 

s Tiger class. Generalization is often called the isa kind 
defined at th j 1. In UML 
class di e class level， not the object level, In 

grams, it is indicated by a line 人 fom the SubclasS 

to the ， 

is ee 3.18 shows how thls looks where Fig 3.18 
Cerzeralizatzom 


fp Cemreralizatio7 一 Ge 


of 。 
orthe is a relationship. Generalization is a relationshlp 
inating in an open triangle-shaped arrowhead polnting 
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人 CO 
如 


Fetis tpe derertce PetpeePa coO7taimerspip anzd 访 heritoi 
党 

dns There is a type of relationship， cajlled “has_an relai 6 加 
comitainersjip. We Say that starling has a tail， meaning that each Da 
includes an instance of a tail. In OOP, the “has a relationship 机 hh 
one object is contained in another, ms 

Example 一 

class aijpha { }; 

class beta {……… 》 

class gamma 


alpha a; / a is an object of alpha class 
beta b; / b is an object of beta class 
相 
All objects of gamma class will contain the objects a and b. This kinli 
relationship is called comtaipnersjzip or 11esti728. 


pereas, in inheritance, if a class B is derived 全 om a class A, wecang 
that “Bisa kind ofA”. This is because B has all the characteristics of al 
addition some ofits own. Its like sayingthat a starlingis a kind ofbird;,Astake 
has the characteristics shared by all birds (wings, feather andjso On) btk 
Some distinctive characteristics of its own (Such as dark indescent phunmg 
Forthis reason, inheritance is often called a“kind ofP* relationship or 到 ri 如 


AssociArron, AGGREGATion 


@38..Fjatis mmeazz By associatiozz OFoajects 20R.G 忆 FJ 入 
411S. Refer to Q.36 (1. 


1 以 


@39 Explain aborz 4SSOCia1ioiiieteem O5jects 思 Sipin81 导 
ECG111PDLES。 人 CR.GP 了 Dec 2005 全 
和 ee 
Explaina o 
QI Ze teP1z ssociatio7y class Witjz exa11aple. (RR.G 队 人 和 

O1 上 

Objects jj Sipipg suitable 0 放 

(R.GR 隐 Dec 7 | 

， .Social ， 

een two or more classes jls an 9550 pi 

her is an association. As we know le 让 

an association instead. For 本 全 
ute employen relate class PerS4 


EXPpyaizz 太 e 4SSoOciatiojmz emvee 


4119. Any dependency betw 
referenee 们 om one class to anaot 
should not refer to classes，use 
person should not have an attrib 


itthe Sa 


ominon SET 


an 35S 
often apPe 


evall 


SSociatiol 


Wit -HT729 


sociation works for associations Show dependencies betw 
me level of abstraction as the classes themselves, while bis 
attributes hide dependencies and obscure their wa Way 和 
tions can be implemented in Varlous ways, but such Implementation 
,ns should be kept WE of the analysis modelto Preserve design freedom. 
association describes a group of links with common structure and 
ntics. For example， aperson orks-1pra company.All the links in 
"ociation connect objects from the Same classes Associations and Jinks 
ar as Verbs in a problemistatememtsAn association describes a set of 
nks in the same Way that a Class desGribes a set of potential objects. 


Associations are often implemented 志 progr amming languages as pointers 


本 by aS 


fomone objectto another A POPier isian attribute in one object that contains 
anexplicit reference to an0ther object For exampje, a data structure forpersomz 
might contain an attribute e111P/OJer that Points to a co7zpaurzb object and a 
comDUIJ Object might contalin an attribute emiplojees that points to a set of 
empIOPEe objects, Implementing aSSOclations asSpointeris perfectly acceptable， 
but associations shiould not be modeled this way 


Ank shows a Telationship between two (or more) objects, Modeling a 


link as a pointer disguises the fact that the link is not part of either object by 
iself but depends on both of them together A company is not part of a 
pefson, and a person ls not part of a company. Furthermore， using a pair of 
matchied pointers, Such as the pointer from Persozz to comtzparpjy and the pointer 
fromi cozzpax to a Set of ezpLoyee，hides the fact that the forward and 
inverse pointers are dependent on each other All connections among classes 
Should therefore be modeled as associations, even in designs for programs， 
We must stress that associations are not just database constructs, although 
relational databases are built on the concept of associations. 


Fig. 3.19 shows a one-to- 


了 Has-capital 四 

One asSociation and corres- Cigy Class 
ponding links. Each association En 
class diagram corresponds Hasaapital Ci 

a set of ]i < Country 8S- 
ia olinks in the instance ( 人 
gram, just as each class 
FeSponds to a Set of objects (Country) Has-capital 

QY 扣 号 要 3aTls 

CQpiyal is the name of the \LEranee 


asSociatfi 
oatton. The OMT notation 
ran assocj 


Instance 
Diagram 


Country Has-capital (City) 
we Melbourn 


asses A ea isaline between 

、 Annkis drawn as a 1 2 ER 

etween objects 3 Fig. 了 719 OHe-10-OHe SSOCIGNOR CH 工 1RS 
Q@Q40. Does ， 本 及 .CPP 天 Dec、 207 有 天 
了 escribe tpes orussociatio7z (全 G， 


MsS、The 证 
The types of association are as follows 一 
(他 One-to-ome 4ssociafion - Fig. 3.19 shows a onerto-one 


1 ee 。 
and corresponding links. 


运 
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One-to-one denotes 3 Very narrOW aSSOClation. Each assow， 

diagram corresponds to a Set of Jinks in the instance 中 
class corresponds to 3 Set of objects. Each country hn。 an 广 
capital isthename of the association. The OMT notation 和 


/en 吓 


isaline between class.Alink is drawn asa objects it 
names are italicized. An asSOciatlon name e omitted ifa ol 
has a single association whose meanlng 1S 0 YIousS， [tis good to 中 几 
classes to read from left-to-right, 让 的 旺 四 an 
( 动 Marty-1o-maa12y 4SSOciatiom 一 Fl8. 3.20 is a fragment 
model for a program, it ShowS many-to-many asSociation no 
In the class diagram， IE 

each point denotes the 

intersection of two Or more 局 
lines, each line has zero OT 届 
more intersection points. 

Theinstance diagram shows 

one possible set of lines. 

LinesL1,L2andL3 intersect 

atpointP1.LinesL3 andL4 区 
intersectatpointP2.LineLL3 Di 
has no intersection points 《14 

and, thus, has no link. The 

solid balls and “2+”are 

multiplicity symbols. 

Multiplicity specifies how 

many instances ofone class- 二 


Inay relate to each instance Le 


of another class. 


(2 动 Ternary Fig. 3.20 aurzy-to-1Nia1zy 4dssociafipnom 大 
4ssociatiom - Fig. 


3.21 shows a temary Projest < > 


association， 了 Persons Cg | 
Immers use computer 

languages on pro- 

jects. This ternary 

asSociation is an Ne ng System 


(Canguage) 
Cobol 


atomic unit and can- Jo 
notbesubdividedinto 电 
binary aSSOciations | 
without losing infor- 
matIon、A progra- \CAD Program < 一 
mmer may know a 了 


Fi8. 了 27 TErzarmy 4dssociatio1a 0 


Li 下 -JW 7T31 
oand work on a projecb but mightnot use the lan 
工 symbol for general ternary and n 
es connecting to related classes. The 


name of the association is writt 
0clation is Written 
1 io the diamond. Note that we did not name the aSSoOclation in fig. 3.21， 
mn 


-tionnames are optional andamatterof modelingjudgement. Asso 
left unnamed when they can be easily identified by their cl 


guage on the project. 
-array 3aSSociation is a diamond 


clations 
aSSeS， 

4 Jat 好 CSSOciatior 2 再 0 Wi or idermtzj associatiom ? Put 
11e djerert 1prz1as Or assoEiatO1a ? (R.GRF， Dec 2070) 


E 
.4119。 Association -- Refer to Q@.36 全 ). 


Identifying Associations 二 An asSOciation 9Ccurs where classes depend 
onorreferto, one another AssoclatioTis are Important because they define the 
routes for message PasSslng between objects， and therefore relate to the 
operations which object must have to meet their IeSponsibilities，We can 
derive a candidate list of a8Soclations by identifying verbs and phrases in the 
problem statemenf although thils ls often less clear cutthan identifying nouns. 


Forms_ of Association -- Refer to Q.40， 


0 117iteSjportmote oO 一 class diagra11t1s or ozze-lo-omte ad 11010D-1D- 
012 4SSOCiGEOP TO SICDLe exa11apLe. (有 .GPRF，Jaune 2002) 


drxs. Class-diagram of One-to-one ASssociation - Refer to Q.40 (iD). 


Class-diagram of Many-to-one 人 Association -- Fig. 3.22 presents 
class-diagram for many-to-one assoclation. Each person working foracompany 
Ieceivesasalaryand has ajob-title. Many-to-one association js a wide association. 
Each association in the class diagram corresponds to asetoflinks in the instance 
diagram just as each class corresponds to a set of objects. Many persons work 
for a company Thus，works-for is the name of a many-to-one association. 芋 
has link attributes salary and job-title. The OMT notation for an association is a 
Une between classes. The solid ball attheleftend oflinkindicates multiplicity of 
asS0ciation ji.e., how many instances of person class are related to each instance 
of a company class， 
rete themultiplicity is 
many-to-one. For 全 
any-to-one asso- 
allon read the given 


fig. 3.22 记 
f om left to 


Name 
Address 


Name 
Social Security n0, 
Address 


Fig. 了 .22 1Ha1D)-10-0118 4dssociatio 


厅 jat 六 associatiom ?2 Give Sax SNCIUTe OF rzU10-iO-112Q1P 
eciarion (RGPRRB Junze 207 引 


冯 
Referto Q.36 (iD and Q.40 (iD 
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， an 
it 站 矶 e ilportance Of 05SOciatio1zs 2 绩 
局 


. 于 0 
2 f an asSociation 1S not a new conce 


he notion 0 ; 
h ws Wi used throughoutthe database modeling commu 
8aV 


amming languages explicitly su 
Onthe other 人 ai are a useful 
We neverthe 本 as databases and real-world Systems， 
for et d.Youshould not bury pointers or othe 
ER as attributes. Instead you should model them as associnrm 


， : id 
indicate that the information they contaln ls not Subordinate toasir | 


0.45. FTite SHort 1iote 0 GUCLied associatio1. (R.CGP 隐 D，， | 


ec 

dg. A qualified association rejates two object classes and a qu 
qualifierisaspecial attribute thatreduces the effective mujtiplicity ofan as 
One-to-many and many-to-many assoclations Iay be quajified The qu 
distinguishes amongthe setofobjects atthe manyend ofan 3SSociation,A qu 
association can also be considered a form of ternary association 

For example, in fig. 3.23,、a directory has many files. Directory amd 出 
are object classes and file name is the qualifier A directory plus a file 
yield a file. Qualification reduces the effective multiplicity ofthis 38SOCiie 
from one-to-many to one-to-one. 


Fiz8. 3.234 Oruuliied dssociatiom - 
Qualification improves semantic accuracy and_increases the Vis 加 ! 


navigation paths.A qualifieris drawn as a small boxon the end oftheassoo 
jine nearthe class it qualifies. | 


Directory 


@.46. Jitesport 7201e 011 Tecrrszpye 0SS0OGiZCo77。 1 
(R.GPR 有 Dec. 2004 .upre 20006 De 
Or 
人 in recwrsipe association DiS1TPSiSIitaDLe exa11zple， 
(R.G 忆 了 zzze 2007 


吕 


20 了 1 籽 


[ 作 
e 0SSociatio7z。 人 CR.GR 肪 严 
Or 他 
Eee | 
rsipe dssociatiom ? (及 .GPR | 
O1F 


Discrss 六 briefrortpe Fecursz 


太 jpet do yjoz zzderstapt 2 recr 
外 

J 
(R.GPR 取 W 


] 1 tion | 1 
ggregation is referred to as recursive 5389 5 
al kind of aSSociation. Arecursive associatl0 


xp1uzzrz 7ecursiye associatiomy 


4118g. Recursive 3 
aggregation is a speci 


Lit- 1 733 
an instance of the same kind 


indirect yion: thereis unlimited number 
GE ， . ， 

0fa W levels. Fig. 3.24 depicts the 
Of pote O 芝 computer Program. An 
examp ion of blocks is a compnuter 
aggreg with optionally recursive 

T ， ] Compound Simpl 
prog ound statements; the recursion finishes CS 
COTDP le statement， Blocks are nestedto 
Wit 0 depth. Fig. 了 24 Recrrsive [4 8S81egdale 
arbltra 


The usual form ofa recutSive 3aggegate 1S Shown In fig.3.24- asuperclass 
subclasses, one of whichlis an 记 termediate node of the aggrepgate and 

本 as is a termilnmalnode oftheiaggregate. An aSSembly of instances of 
二 superclass is the intermediate node. 
the 047 INatdgre 1Reidi1jerept tpes orassociation 2 Descrije rechrsiye 
0 仿 .GR 取 Dec 2072) 

4d11ygijTypes of Association -- Refer to Q.40， 

RecursiVve Association -- Refer to Q.46. 


048. pat is am asSSOciatio1 e11d 2 jat are tne Droperties or urz 
LS8Ocid2OPE7E 2 (RCR Dec. 2076) 


azs. End ofan associaton is known as association end.Abinary association 
hastwoiends and a ternary association has three ends, 


Properties -- Properties of an association end are given as follows ~- 


( 动 dssociatiom 开 1zd Var1te - An association end includes name 
which helps to prevent multiple references to a class and provides navigation. 
Meaningful names create and is usefulto Kkeep the name in appropriate context. 


(让 upiiciz - Multiplicity can be defined for each association 


“1”， (exactly one)， “和 0.. [se (at most one )， and 45 来 ?9 (many” 一 ZeroO OT more) 
aremultiplicities，. 


end. 


( 声 Ordering - Usually the objects on the“many”side of an 
"SSOciation have no explicit order and can be regarded as a Set SOmetimes 
“Yeven the objects are explicitly ordered， 
人员 ) Q@ua1iicatioz -Oneormore qualifierattributes can disambiguate 
ts for a “many”association end. 

age 

(人 几 Jsz0i1it -Association ends can be public, protected, packag 
s Similar to attributes and operations. 国有 
(oO ANanigapilitp 一 Anassociation can betraversed in either ee 
mplementation can support one direction. The UML uses arrO 
Sociation end attached to the target class to Iepresents navigability. 
“aqs can be connected to zero, one or both ends of an assSOcilation， 


the objec 
orprivat 


An the aS 


| 


mming & Methoaology (fWI-Sem. CS-Br 
8 


Re 得 
134 Object Oriented 记 09 no Uni -Wi 7135 
， Priertpe pioming 一 、， . 
2 人 eg Ce (起 Recrursipe CSSoci 0ciated， ip ee ee We 
; SOC ia 5 D aSS. 
从 We 10O 7112071 USSOcCiatiom (PP) 47grzerzt Pei 人 蕉 =2 On cla5s WO 
(Ci 动 .GPF 人 了 1 at CO JJOU 11tea1a DO 1aUlliplicijy 2(RGP 防 Dec. 2077 2073) 
; ?1 ， 
419. 公 dsociatiom 一 Refer to Q.36 (ii). 2 如 119。 Multipliclty specifies how many instances of one class mayrelate to 


( 动 Recnrsive dssociatio7 一 Refer to Q.46. ，rle instance ofan asSociated class. Multiplicity constraints the number of 


人 Ma 如 Mary 4dssociafiom 一 Refer to Q.40 (i). led objects. 

人 pp) 478UNEEIE Passirg -- Parameter passing js a meclaaes Sometimes exactly one object ( class A relates to exactly one object of 

of data and information between the calling function (sla cjass 也 ， In other Situations Iany @bjects of class A will relate to one object of 
nd 小 


f objects inVolved on both sid ionship ji 
be achieved eitherby passingthe value B. The number 9 本 Ce 
called fonction (callee). tcan Qraddres' dthe 7 lipliciofthe relationship. In class diagrams, symbols are used 


， following thbree types of parameter passj 。 
vatiable. C++ Supporfs 0 加 8 Passimng scheme 、 at both ends ofthe relationship jine to indicate multiplicity Table 3.1 shows 
(a) pass DY Ya ue， UMLmultiplicity Symbols. 
(b) pass by address， te 
Table3.1 TIhe UMDL Mujltiplicity Symbols 


(c) pass by reference (only in C++). 


The parameters used to transfer data to a function are known as jl 

Paramelers and those used to transfer the result to the caller are lnom ,| none 

olputparamielers. The parameters Used to transfer data in both the directin one 
are called input output parameters. some(0 to infinity) 
Parameters can be classified as formal parameters and actual paramel none OF One 

The actual parameters are those Specified in the fuanction call, The fo one oOT more 

parameters are those specified in the function declaration and function definiim two, three, or four 
The following conditions must be satisfied for a function call 一 | Seven or eleven 
1 人 Thenumberofarguments in the functigon call amdthefonin Fig, 3.26 shows some relationships between classes, with their associated 
eclaration must be the same. multiplicities。 

(b) The data type of each of the arguments 这 the furictiond 

Should be the same as the corresponding parameter iithe functiomideclani 

Statement However the names of the arguinent in the fiiiction call and 

Parameters In the function definition can be differeit 


rela 


communication 


-sa 


xPplairz 7zariaed 728. 了 26 MHzlttp1ict 
0SSOCIG 友 本 ， 
人 2071 闻 ac 人 object of class A is an aggregate of exactly four objects of class B. 
ee object of class A may be associated with zero or more objects of class C 


台 J0. Explain namaed CSSOciatiorz 1 exa112Ple.(RCG 了 玫 ，JUNe 轴 
Or 


歼 7zte sport7zzote or Pa111ec 2 。 6 ne 提 ee object of class C is associated with exactly one object of class A. Each 

2 ex 05S0cintiom. (R.G 忆 F Dec 20L 人 吉 ct of class A is also associated with two, three, or four objects of class D. 

centre of the at 人 ge aname to an association, using 3 0 旬 "yject ofclass B may or may not be associated with one object of asS 下 
”10enames are Usually preferrable. An asS0C 5 0 2 Si 

have a name, we use that name to describe Do 人 xpfaizz zjpe pallip8icig) amd 7apig0BO) Pi suitable examiple， 


relariomsjtp DetpeeFz te11i。 (有 R.GR 天 ， .JP1e 20754， 2070) 


meaning is more clear Ass 
the class person and the c 


p. Therefore the 这 for 
， 3 P VWVorks 
hown in fg. 3.25， 


6 
lass SOompany are Fize. 3.25 /7Vu11ze O1458 | 


和 


g& NMethodology (Sem.， CS-Bnm 
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Relationship 一 


nch 


Fig. 3.27 


Detyeer ad 71zetaod arzd 17zessage， | 

53. Pet are the dfererce ge? | 

和 (R.GR 有 Dec 2 

4nis Message communicates and method activates the execution oft 

message. In other words, mesSage instructs method executes. The System ds 
an error message, 这 a method matching the message is not found in the chas' 


0.54. Explain meatiztg or ag8regate coOFDOTeIS OF objiecf 出 | 
exaJ1IDLe. (R.GCPK，Dee 2002 72 擅 
Or 


下 xpiaizz aporrt agSregatio1t (R.GPEFKE Jane 加 


41zS. Aggregation ls the“part-whole”or “a-part-of Telationship 疝 人 
objects representing the components of someth 通 曙 are associated we| 
object representing the entire assetmbly. 


We define an aggregation relationship as relatimng an assembly 人 
component class. Aggregation is a stromg form ofliassociation In Y 册 
aggregate objectis made ofcomponents. Compaofients are part ofthe | 他 
The aggregate is semantically an Btended object that 1S treated 3S 强 
many Operations, although physically itis made of several lesser 0 四 
single aggregate object may have SGVeral parts, each part-whole relato 


. imilan0 | 
treated as a separate aggregation in Srder to emphasize the 2 
asSSOclatton. Parts may or may not exist apart from the aggregat 四 
multiple agegr 


has 产 | 

egates.Aggregation is inherently transitive, an ag 引 6 引 on 

which in turn may have parts. Many aggregate operations imp 》 om 

closure and operate on both direct and jndirect parts. There ae 了 0 

of aggregate components of objects -- a computer whose 三 呈 po 

SeTeen Keyboard, mouse and processor box, or a flower whose “ 
are stem, jeaves, head and petals. 


Lit-W 737 
osition hierarchy describesana 


g&Sregation of objects which togetp 
entparts ofanother object Aggregation involves levels of Mn 


.Aggregation 1 | 
， PS S a flexible a proach to 
ou8 tions between obljects which are noft Inheritance lf does not nn。 the 
9550bility of objects changlng their roles in an aggregation at run time 
55 


A vayered model approach to aggregation 


libraries， portable between SYStems. 
claS$ 


Aggregation may 砚 exlStIn Severallayers, so that objects are composed of 
nent Objects 0 89omposed of other objects_Thus 
aggregation is alsqEe | ER 

aggregate comP 

objects.A tralm for example， 
和 composed of oneior more 
ocomotives andanurmber of 
coaches OT 双 agonS. The 
locomotives afidicoaches/ 
wagomsare tbrm composed 
of many _ smaller discrete 
componeits. Fig 3.28 shows 
thelayers ofaggregation 一 the 
tran as an aggregate 
cmnponentofdiscrete objects， 


may assist in Creating “open'， 


comp0 


0909ee 


Fig 了 28 
@55. Jizte sport 1zote o7 1120delLizzg asSsociatiom und 088TreSatio11 
(RGBRFE，Jure 2073) 


41s. Refer to Q.39 and Q.54. 


多 56 Fat are tpe properties ofaggregationsy ? 

(RCRPRF， Dec. 2009 Jrrze 2070) 

ds Rambaugh notes that there are certain properties asSociated with the 

ects in an aggregation _ 

侯 Transitipizp -IfAisa part ofB andBis part ofC,thenAis part 
e.g., 1 


' 过 doors are parts of lounge, and lounge is part ofhouse, then doors 
are parts of house P ouhnge， 8 P 


obj 


ofthe a ( 声 Pr opaSgaior -The environment of the part is the same as that 
be someyembly， e.g., 这 car is in garage then the steering wheel is unlikety to 
mewhere else， 


人 了 4 Dejire 48Sregatiom。 用 jat are 1he properties of ag8regatiom 2 


ms A (R.GR 了 多 Dec. 2073) 
Pr gSregation - Refer to Q.54. 


0 志 
Perties of Aggregation - Refer to Q.56. 


多 


Object Oriented Programming & Methodo/ogy (Wi-Sem， CS-8na Unmit-W 739 
人 8 。 ?ob ， . 
和 or ag8regatiom ?> 也 <a-Dart-of ” relationship， 
Jet are 纺 e derent ypes 久 二 
@Q.58. 有 Nat CR.GPRF， June 2002，Dec 2000 hen | ， oon ca elationship， 


山 上 1 - - j 
Vane 轴 | fof 2 alization a lamp is a fluorescent 
OFT 


5 1]e aggregation Says that a lamp is made 0 
1 


generalization is often called “a-kind- 
exXG11IPDIeES。 


lamp or an incandescent 
在 011 07 Sipizzg Suitapl | 
Explain he 0P65 01 0887<84 1 Exammple 人 p 


PoOnentpn 
ering Wheala 

( 刘 Fmriable -The number of levels of aggregation 
the number of parts may vary, like the train. 


fbase， coven Switch, wire 
CR.GR 太 De 
?3 、20 90 00， 5 7 
D 0 贡 and 6 Jite wa prier maote oF “人 (&GR 钙 Dec 2073) 
fiom ypitj te je 
ie differenttpes oa8Sre8a orar 1 
Diseress 估 (R.GP 区 Je JatdoJon 11CEFSICHd 1 人 2? (RCR 有 June 207 O 
好 | 
dns There are three types of aggregation as follows ~ Dejzzze 1jpe 1er1ajCelegatton 他 GPRP Dec 四 
提 _Fixed-The particular numbers and types of thec 


Rambaugh makes the distinetion between ag 
119。 


1 gregation and dere atio7z 
predefined e.g., a Car has one engine, four wheels, one ste g 
are ) e.g， 


| hereby the use ofobjects as Implementation components for other objects 

are fixet 辐 0 involve Using on Part of their Interface， It means that an object which is 

| usedin an aggregation miayjinot be fully ee by the object which contains 
和 openetife camnrieinG 人 生生 mn ca 和 ep eparpalreoalext 

like arussian doll. A more Specific example in C++ is the ability for anobl| 。 This 这 Particular 让 not want to inherit all the 本 of a class, We 

to contain a pointer of its own type, allowing it to send messages to 中 Using inheritances ut do 

] | wamt to implement Some kind of business system Including account 
ea oa ad have an “AccountCustomer” class already available. 了 However 


| 
| 
| 


CI FF1patis meat py aggregatior 2 玫 1at are 态 e 吉 Nerent tj 齐 j 


itmight contain methods which are inappropriate for our new application 

0 Or 化 人 生 吉 because OUr newW class is not truly “a kind of” the existing class, but merely 

交 办 aq88regatiom ? 已 xplair Re 7 和 高 了 account number, and we might not wantthis possibility to exist in our system. 
CCT1HID 。 e 天 。9 昌 攻 


fweinherit 们 om the existing class then we willhaveto inheritallthe attributes 
andmethods into ournew class, includingbehaviours which are inappropriate， 
Delegation gives us an alternative approach that we can delegate some of the 
behaviour of our new class to an object of the existing class without inheriting 


41s. Aggregation -~ Refer to Q.54. 


similar Perhaps the existing class allows a customer to have more than one 
Types of Aggregation ~- Refer to Q.58. 


@O0. Fite shorf mrole O11 4088STreSali07 VS ge7ieFa1za6iO1 


fom it In this w WwW h tainment ofthe objectto mask any behaviours 
04 Dec 贡 S way weusethe containme 
(有 .GPRPF，Dec 2003，JnE 2004, that are not needed. Our new customer class can contain an object 
Or ; Topriate to 
加 AccountcCust 2 haviours which are approp 
Discuss aS8Sregatiomz ys Se1ie1a1CUtiom. (BCGP 隐 Dec 2013 Jo 训 Siomer class and use those be 


。 gil plement its own behaviours. 


41S. Aggregation is not the Saimeithin5 as generalization. 


02. ， ， 7 有 9. 
Ielates instances. Two distinet objects areljinvolved; one of them 1 1 骨 和 02 Explain 1a0delirzg Ga1a asSSOciatiomz 08 4 C105 
the other Generalization rel the dos 


， 。 瑟 和 全 SS$. Each link 
ates classesand 二 3 wayof structuringt 0fa 测 让 Sometimes lt ls useful to model an as50Ciation 3S SR 
perclass and subclass refer to properties 人 | ”Sone instance of the class. The link attribute box 1S 


ce0 Case erations ln 
0 吕 | ad an association as a class,，and may have 3 name and op 
On 


object，With generalization，an object is simultaneously an 加 和 
人 [可 。 到 吕 we 和 Tm 
Superciass and subclass Confusion arises because both aggreg ， 1 氏 | mm attributes. Fig. 3.29 shows the authorization Inlio kstations. Each 
SStations， Users may be authorized on many WoIKSta ， 


mw 
人 
bj auth - 
| zati 、 二 ， n as link attributes. 
6 时 ton carries a priority and access privileges, show 


QLl 


is composed of obj 
generalization tree j 


0 Object Oriented Programrming & Me 妨 oqology (Wi-Sem.， CS 


反 
刺 二 全。 anoh 
me directory for each uthorized on 


authorized wofkstation, but the Same 
home directory Can be shared among 
SeverIal wortrkstations OF among seVeral 
users. The home directory is shown 
as amany-to-One assSociation between 
the authorization class and the 
directory class. It 18 useful to model 
an assSociation as 3a cjlasS when links 
can participate in associations with Fi 3.29 Mode1e an 有 
otherobjects or when links are Subject es ci 
to operations， 
0.63. Comipare 0SS0ciatiye 088reSatiomz Gad ijeritance ye j 
(R.GPPD 


A user has a ho 


Priority 
privileges 


丰 及 
Or “ 包 

FTite comaparisomz jetpeef asSOciatiye 488Tregatiom ad Perion 
relatioms1Aip. (有 .G 已 所 Jone 2 人 

4118. Aggregation - Refer to Q.54. 

Inheritance -- The process by Which objects of one class get the propets 
of object of another class is Inheritance. It means that one class inherig 尼 | 
characteristics of another class as part of its definition. Inheritafice isisuialk| 
When one class js“a kind of ”other class, for example, 'text window' is akiidll 
“window".A'classification hierarchy” showsthe inheritance relationships betw 
classes, on the basis of the sameness between different classes of objects, 
C.64 斥 jat 8 态 e Weremrce betpeemz asSOEiGFiorz，0E8reg0tiol 串 
Zheritamce relatiormsjipsy ? (RGB 2009 Dec 7] 虽 | 

4 Refer to Q.39, Q.54 and Q.63. 


亿 653. Comapare 1je Jolomirg 一 

( 夫 488regatio1z ys 5EHEFalizatio ( 动 4ggreSgatiom W injeria | 

(RGBP 隐 Dee 放 

41S. 公 488regatiomz 1 Cereralizatior 三 Refer to Q.60. 
(二 48g8gregatiom ws Tajeritarce- Referto Q.63， 


由 
人 66. Expl1aimn aggregatiom yersms associario7l (CR.GRJ Te | 
帮 . Or 
O1121PCFre 0SSOcialiom aztdt 088regatiom。 
和 Or 多 
Cive Cjjerercejeteep 4Ssociatiom oropjectandaSSreE8 ai07 of 
[R.GR 隐 JU 


| 


(有 .CPP 有 Dec 如 


| 


Unit-W TA47 
egation is a Special form of association not an Independent 
egation adds Semantic connotations in certain cases_Jf two 
gphtly bound by a part-whole relationship, it is an aggregation, 于 

。 S 8 
0bjec ”， 


cfS are usually considered as independent，even though, they may 
tw0 ob] inked, 让 is an association. Some tests include _- 


fen be 全 Would you use the phrase part oj? 

(iD Are some operations on the whole automatically applied to its parts ? 
人 Are Some attributeiyalues propagated 人 om the whole to all or 
rtS. 


(iv) Is there an intrinsic asymmetry to the association， where one 
subordinate to 也 e other ， 


S0me pa 
object clasS 1$S 


Aggregations includes part explosions and expansions of an object into 
constituent parts，Jn 们 g. 3.30.a company is an aggregation of its divisions 


which are in 名 甸 aggregatlons 
Co 一 [eek 


oftheir departments; a COmIPany 
YYVOoTrKs-for 


is indirectly am aggregation of 


depaitments: Aicompany is not 
Fieg. 3.304dggregatiom aad dssociatiom 


in ag 椒 Egation of its employees， 
simnce coOimpany and person are 
independent objects of equal 
stature， 

The decision to use aggregation isaimatterofjudgementandis often arbitrary， 
often itis not obvious ifan association shouldbe modeled as an aggregation. To 
alarge extent this kind of uncertainty is typical of modeling; modeling Tequires 
seasonedjudgement and there are few hard and fastrules. 开 we exercise carefol 
judgement and are consistent, then imprecise distinction between aggregation 
and ordinary association does not cause problems in practice. 


Q.67 Fat do you zzderstend 有 1zazzdatomy pro1ile ? 
(有 RGB 及 Dec 2013) 


ds. Mandatory profiles are simply read-only versions of the standard 
aming profiles. 


Creating a mandato fthe simplestadministrative 
Tryprofile is probably one 0 、 
人 这 we look in each individual profiles directory, we will fnd a hidden 
人 called NTUSER.DAT.This file contains all the user-configurable asSpects 
the profile. To create a mandatory profile, simply rename this fie 
SER.MANL 


pm Ioaming profile follows users from computer to compu'er 和 Amandatory 
1e 1S nothing more than a roaming profile to which the user has read-only 


二 
Sess. The only real difference between the two typeS of profiles is that 3 


多 “国人 
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+ 有 QS 


anges to 3 roaming profile, but not to a 

rmakes while logged in with a mandat an aton 
ory profil Rul 

8 art 计 | 

和 


user can make ch 8anu 
Any changes 3 Se 
the next time tbhe USET Iogs ln， 
Terminal SeEIVET offers significant System life Ba 
including reduction of workstation software adminis ae cost a 由 
advantage of these saving, it often makes sense to use 站 而 
1 


in conjunction with the thin-client Mandatory user profiles 


user from saving configuration changes to their enviro 
， ， . nment. A “全 
profiles can be implemented for the entire organization，ensuri singl | 
andieliability as well as deployment simplicity. mi 
二 


This system is not without drawbacks. Many applications 
configurations for each user. In a non-mandatory Rn 
configurations become costly without automation. In a m | | 
environment configuration automation becomes critical. Withouty po 

eachuss | 


is forced to selfconfigured at each logon because settings are not | 
of Saved | 


人 
Prevent th 3 


nment wu| 


Messaging applications have the common characteristi | 
containing configuration setting unique to each user, Profile make 由 | 
tool that provides the administrator with a flexible solution to | 
Normally profile maker deployment consists ofthe installation of 了 
to the Netlogon share on a domain controller The installation is ou 
can be distributed to all domain controllers using replication Ts 和 
configuration component is generally launched from a 汪 人 SGri 汪 
not an issue for terminal Server there is no workstation Setup an 到 
人 SeIVer is the solution ofchoiceforreduo 
en 下 相 SenSe 加 implement mandatOriuser Frofles 
ea ee 1 er USes server-base 和 lpiofile comtol to br 
ee en requiremeiits and endjiaiSer Testrictions 9 业 
Worlds. 


.068. 万 ， | 
@ ejine interfiaces 加 Jana PEOip ialerfizces are japlemoenledzi 


Ca1z 1pey 0 
@oe accessed ?2 再 om 1o app 久 ile7 了 ces 2 Natis 11ECHL 轴 基 
EC 


O1 ilerjaces ? Explaip pitp az examzple，(R.GP 了 June 20710 
瑟 xplairz 夸 e ipter1fizce cozcept 了 Japa (有 .GPR 辽 JU 人 
plaim the imteryizce comcept 训 Js pipexamzple. (及 GPR 队 册 
Dejine inter1aces 识 Java 二 CR.GR 区 JU 川 
,CA 
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，7ranJnterface 一 Aninterfaceis basicall 
Defining ， callyatypeofcljass. Defini 
is just like defining a class. The general fomm ofan interface is - ng 
inte 8 0 interface interfacename 
3C 
variables decjlaration; 
methods declaration; 


} . 
on acCeSS specifier 1S Dot then default access results, and the interface 
only available fto other meimbers 叶 the package in which it is declared. 
1 acCe55 specifier 1S public, 如 e interface is used by any other code. In 
和 is case, the interface imust be te only public interface declared in the file， 
dthe file name and the interface， Jnterfacename is the name ofthe interface 
nd 生 any valid identifier [t 15 ioted that declared methods do nothave bodies. 
They terminate With a semicolon after thbe parameter list, They are abstract 
methods._Any method specified within an interface has no default 
implemErtatio Eachiclass that has an interface must implement all of the 
methods， Vaiiables are declared inslde of interface declarations, They are 
implicitly fnal and static， It means that they cannot be altered by the 
implemerting 8Ss. They must also be initialized. All variables and methods 


are jnmiplicitly public. An example of an interface definition is as follows-- 
jnterface Callback 


void callback(int paramy); 
} 


Implementation -- After defining an 
implement the interface. Include the ztPlerzze718 5 
then createthe methods defined by the interfaceto imp 
e general form of implementation may look like as follows 一 
class classname[extends superclass] 
[implements interface[,interface…]] 


interface, one Or more clasSeS Can 
lause in a class definition 
lementan interface， 


/class_ body 


implements more 
es that declare the 


， 人 s 
natu type signature of the implementing me 


re S 。 。 和 ， 
peclfied in the interface definltlon. 


4 DODbject Oriented ProgramIming & Methoaoiogy (Wi-Sem.， CS- 
4 ne 


An example class that implements the Callback interface 和 
芋 
外 、 


sh 
class Client implements Callback 


public void callback(int p) 


System.out.printn('callback called with" + p)， 
| 
Accessing Implementations TIhrough Interface Referenees E 
are declared as object references that use an interface Instead 
Any instance of any class that implements the declared interfa 
by such a variable, If a method is called Using one of these Teference 
correctversion will be called on the basls ofthe actual Instance ofthe ints 所 | 
being referred to. This is an important feature of Interfaces， The method 中 | 
executed is looked up dynamically at run time. This permits classes 
created later than the code which calls methods on them. Without havine 
know anything about the“Callee”the calling code can dispatch throug 
interface, Here is an example that calls the Callback( ) method througha 
interface reference variable - 
Class TestIface 


ariall | 
民 
of a class 


Se ls refsns | 


{ 
public static void main(String args[ ]) 
Callback c = new Client( ) | 
c.Callback(32); 
| 
) | 


Applying Interfaces _ 
For instance, the stack can 
is also held in an array, a 1 
an interfacethat defines an 
This interface is used by 


There are a numpber waysitojimplementa 内 
be growable or ican 6e of a fixed size. The | 
inkedlist a binary tree, etc. Consider for | 
integer staGk. Keepithis in a file called IntStack 


both stack implementations. 
MDefine an integer stack interface 
interface IntegerStack 


void pushkint item)， 
int pop( ); 


/store an item 
retrieve an item 


人 h verSsion of an integer stack - 


lementation of IntStack that uses fixed st 
/An 向 夺 implements IntegerStack { 
ee int stack [ ]; 
ivyafte int tos;， 
Tateandinitialize stack 
/如 edStack (nt MAX) { 
Kx stack =new lnt [MA |]; 


tos 三 一 了 


| i to the stacKk 
h an lteIm OP 
ie void pushmi(Gint ltem) 《 
UDLL f (tos 三 = stack.length=1) /use length member 
System.outprintln (Stack is foll.)， 


else . 
stack [tk tos] = itemi 


/Pop an item from the stack 
Public int pop( ) { 
if 人 tos<0) { 
System.out.println(“Stack empty. 汪 ; 
return 0; 
} 


else 
return stack [tos- 一 ]; 
】 
】 
class IFTest { 
public static void main (string args [ ]) { 
FixedStack stackl = new FixedStack (6); 
FixedStack stack2 = new FixedStack (10); 
/push some numbers onto the stack 
for (int i = 0: i < 6; 计 +) stack1.push(D; 
for (int i = 0; i < 10; i++) stack2.push(i); 
/pop those numbers off the Stack 上 
System.out.println(“Stack in stackl:”); 
for(int i = 0; 1 < 6; i 计 十 ) . 
System.out.println(stack1.pop( ); 
System.out.println(“Stack in stack2:”); 
for(int i= 0: i < 8; i++) 
) System.out.println(stack2.pop( )); 


Jowingpro gram creates aclass called EtxedSyack whi 
]lo 


orage 
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世 es can also b | 
Extending Interfaces et ee 和 ) hat are unrelated in terms of the class hierarchy to implement the 
interface 18 subinterfaced 人 fom 1 in the wa id je Subinterhw 本 | oa556。 terface. 
allthe members of the Superimnterlace In 6 way 1Qentlcal to subel site same 下 0oes Java PTcomsists or? 
is done using the keyword extenas aS shown below -~ AN 必 Nat 404 Or 
e2 extends name] 刘 
interface nam JJatare 11e BasicjrrzctO11S Oova4ppliieation Programa1zaiztg Zater1fzce 
body of name2 
JP is a list of all clasSes th 
} ， . | 8 Java APIis a jlst oa CaSSes tnat are part of the Java development 
Forinstance, we can put all the ee mone Interface andt includes all packages, classes and interfaces along with their methods， 
in the other This w 计 enable US use tne constants in classes wa kt 攻 nd constructors， These piewrltten clasSes provide numberof functionality 
methods are not ee exampjle， 由 fkelds 0 er In Java most basic programming tasks are performed by the 
interface ItemConstants 1 classes and packages, which are heljpful in minimizingthe numberoflines 
int code = 500; 这 within pieces of code. Mosticommonly used packages are as follows - 
| 


String name =“cooler ; 


} 
interface Item extenas ItemConstants 


void display( ); 


0@Q.69. Describe te variors Jor11zzs O 太 172PDUer1ze1atizg ilerfaces fi 
exd11iples OF Java code Jpr eacH case. ( 民 .G 了 Je 加 


47118. Refer to Q.08. 


@.70. 开 om Ja127 iaterface ca1a ea class PPeritad ca1aGS01ze ii 如 
Ze ijperited 0y to Heremt classes 2 EXD1azzz 还 


411S. Interfaces are syntactically similar to classes, Diit they lack 闻 刀 
variables, and their methods are declared withoutianiy bodyiIn practi 上 
means that you can define interfaces thatdo noti makeassumptions about 册 
they are implemented, Onceitis defined, afiy nuimiberofclasses can imple 
an ijpier1ace. Also, one class can implementany mumber of interfaes 
providing the interpce keyword, Java allows you to fully utilize 此 | 
Interface, multiple methods”aspeetiiof polymorphism. | 

JInterfaces are designed to support dynamic method resolut 
tme. Normally in order fora methodjto be called from one classto 下 上 
both classes need to be present at coimpile time so the Java compi 
check to ensure that the method signatures are compatible. This regD 
by itself makes fora static and nonextensible classing environmert 则 
in a system like this， functionality gets pushed up higher and hi8 后 
class hierarchy so that the mechanisms will be available to morei 胃 
Subclasses. Interfaces are designed to avoid this problem. They 6 内 
the definition of a method or set of methods 他 om the inheritance Sb 
Simnce interfaces are in a different hierarchy from classes, 让 各 p | 


jon Ht 人 
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人 工 a11BUCS2 9LPPOFI Pacpage -- A collection of classes and 
methods required for implementing basic features of Java. 


人 DIEes PaucKkage --A collection of classes to provide utility 
functioiis such as date and time functions， 
(前 TBVOu 加 太 Pacpages -Acollection of classes required for 


iut/output manipulation. 


(Nemvorizag PacHase 一 Acollection ofclasses forcommunicating 
with other computers via internet. 

人 ) ， 47 Packrage 一 The abstract window tool kit package contains 
classes that implements platform-independent graphical user interface， 

2 4pplet PocHkasge -This include a set of classes that allows us to 
create Java applets. 


入 72. Dejizae variaple 训 zaterfizcey 


41s. Interfaces use the import shared constants into multiple classes by 
smply declaring an interfacethat contains variables thatareinitialized to the desired 
ee When you include that interface in a class, all of those variable names w 训 
as constants. 开 an interface contains no methods, then any class that 
和 Such an interface does not actually implement anything. Itis as 计 that 
selmportingthe constantfields into the class name space as final variables. 
example uses this technique to implement an automated “decislon maker "一 
importjavautil.Randomi 
nterface SharedConstants { 
Int NO 一 0: 
int YES = 1. 
intMAYBE= 2: 
It LATER = 3; 
Int SOON 一 4 
} IntNEVER = 5; 
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uestion implements SharedConstants { 
class 0 rand = new Random( ); 
int ask( ) { 
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rogram makes USe of one of Java's standard classes，Rarzcozzz. 
fn 了 hi5 des pseudorandom numbers. It contains several Imethods that 


class AskMe implements SharedConstants { 


UDTOPIG1e Li587012 1 describe 四 pes or listemrer inier1acey， 
O 


int prob = (int) (100 * rand.nextDouble( )， | 他 obtain random numbers in tbe 和 orm required by your program， 
ifprob < 30) jlow 六 the two cla5SeS， Crestion and 4skhfe，both Implement the 
return NO; / 30% Hopyg101 interface Where NO，JZES，M47BPE SOON Z47FER, and 
else ifprob ee goret re defined. Here is the outputiofa sample run ofthis program. Note 
二 Ta 。 0 Le results are different each timeit is run. 
| tha 
return LATER; / 15% ater 
else iprob < 98) | goon 
return SOON; // 13% No 
else Yes 
0 本 本 
return NEVER; // 29%6 由 .73. Discuss 12e reldziozzspzip petyeefaevefatclassey apad inter1zcesy az 
| 
| 


static void answer(int result) 《 
SWitch(result) { 

case NO; 
System.out.printin("No); 
break; 

case YES; 
System.out.println("Yes); 
break; 

case MAYBE，; 
System.out.printin("Maybeg; 
break; 

case LAITER,， 
System.out.println("Lateryy 
break; 

case SOON; 
System.out.printlmtSoomm: 
break; 

caseNEVER， 


Systetm ovtiprintlnCqNever ); 
break， 


} 


public static void main(String arpgs 
Question q = new Giesfaae 了 

ansSwWer(q.ask( )); 

anSWer(q.ask( )); 

anSWer(q.ask( ))，; 

anSWer(q.ask( )); 


4ng With 这 the liniits of the events that the AWT knows abonut you 
ompletely control how events are transmitted from the event sources, such 
buttons Or SCiollbars; to eVent listeners. You can designate any object to be 


| event listsmer 忆 in Practice you pick an object that can conveniently carry 
局 tthe dssired response to the event. 


Everntt SOUrces have methods that allow you to register event listeners 


| withtthem. When an event happens to the source,the Source sends anotification 


and send 


| 
| 


| 


ilthat event to all the listener objects that were registered for that event. 

In an object-oriented language like Java, the information aboutthe event 
i encapsulated in an event object. In Java, all event objects ultimately derive 
fom the class java.util.Event Object Of course, there are subclasses for each 
event type, Such as 4cfiomPyvenlt and 于 prdowEvemt Different event sources 
can produce different kinds of events. For example, a button can Send 
《cfionFvent objects,，whereas a window can send JizadowEvent objects. 

Jo sum up, here's an overview of how event handling in the AWT works -- 

、 . DA listener object is an instance of a class that implements 3 
peclal interface called a Zistemer 轨 1er1ace. 
GD An event source is an object that can register listener objects 
them event objects. 
when 是 The event source sends out event objectsto al] registered listeners 

sSvent occurs. 
(GV) The listener objects will use the information in the event object 

Imine their reaction to the event. 


国 delegation event modelhas two parts 一 SOUces and /isteners. Listeners 
eated 


to dete 


ja by Implementing one or more of the interfaces defined by the 
abpro event package. When an event occurs, the event Source invokes the 


mate method defined by the listener and provides an event object as its 
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anq 人 

) | 

es and | 


ai | 


2 lists commonly used jistener interfa 


ble 3 
argument Ja 6 fthe methods that they define. 


brief description 0 。 
Tabjle 3.2 Commonly used 了 vent Listener inter 


人 em 


区 


| 
Descriptiiop | 
| 


ActionListenerT Defines one method to receive actio 
AdjustmentListener Defines one method to receive adjustmvenk 
ComponentListener Defines four Imethods to rec Se em 
component is hidden, moved, resize dh 
ContainerListeneT Defines two methods to recognjzs show | 
componentis addedto or removed fron， 1 汉 
FocusListener Defines two methods to recognize wa 
component gains Or loses keyboard focu yiaj 
ItemListener Defines one method to recognize when 引 : 
an item changes. St 


Defines three methods to reco 
pressed, released，or typed. 
Defines five methods to recognjize whe 
is clicked, enters a component, exits a 
is bressed, or ls released. 

Defines two methods to recognize when the m 
is dragged or moved. 

Defines one method to recognize when theim 
wheel is moved. 

Defines one method to recognize weaatextwh 
changes. 

Defines two methods to Tecognize when a wind 
gains or loses input focus. | 
Defines seven methods to recogiiize whenawitlr 
is activated，closed ,ideactivated，deiconif 
iconified, opened, origuit. 


KeyListener 


Snlze when a i 


MouseLISstener nthem | 


| 


MouseMotionListener ， 


MouseWheelListener 


TextListener 
WindowFocusListener 


WindowListener 


The specific methods that are containied 家 ieacf jinterface are discussed 出 
间 本 要 ] | 

(人 4eriomZistemrer 1zaterrace 三 his interface defing 
actionPerormred() method 生 aflisiinvoked wheajan action event oco 
general form is shown below 三 
void actionPerformed (ActionEvent ae) 


二 . 
(起 dd1justmrzertristener Tate71frzce - This interface def | 


， 必 
adjustrzentJpjueCjangedr) method that is invoked when an adjustmer | 
oOCccurs. Its general form is shown below -- 


Void adjustmentValueChanged (AdjustmentEvent ae) [ 
了 
( 动 ComapomeratEistemer Taterfazce - The interface | 


6 色 


methods that are invoked when a component is resized， move 
| 


和 


nethods 
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， veneral forms 3 shown below -- 
componentResized(ComponentEvent ce) 
vV01 d LomponentMoved(ComponentEvent ce) 
人 ponentShown(ComponentEvent ce) 


id com 2 
1 mponentHidden(ComponentEvent ce) 
VO 


zi) CozztaimerZistemer 7Pzteace - 工 his interface contains two 
When a component is added ta a container comapomentdctjedf) js 
d5. Whena component is remoyed from a container, compomemtRemzovecY) 
d Their general forms are shiown below - 
汰 componentAdded(ComntalnierEvent ce) 
| componentRemoyed(ContainerEvent ce) 


例 FocrSEiste7ier .71zteryaee 一 This interface defines two methods. 
a component D6tains Keyboard focus， JocrsCainedl ) is invoked, When 
0 loses keyboard focus,jocrxsZostf) is called, Their general forms 
的 shown belowW 一 
viiaifocusGained(FocusEvent ) 
void 和 cusLost(FocusEvent je) 


(地 ) 7te7a 了 13temer 77zterrace - This interface defines the 
沁 iSfalECjhamegeB() method that is invoked whenthe state ofan item changes. 
Is mneral form is shown below 一 
void itemStateChanged(temEvent ie) 
人 间 KeypZEisterer 11zazterfzce - This interface defines three methods. 
ThejeyPressecf) and HeyRereased) methods are invoked when a keyis Pressed 
andreleased, fespectively. The KeyTpeadf) method is invoked when a character 
has been entered. Their general forms are Shown below 一 
void keyPressed(KeyEvent je) 
void keyReleased(KeyEvent je) 
void keyTyped(KeyEvent je) 
fp 沁 MorseZistemrer7pzterface 一 This interface defines five methods. 
和 mouse is pressed and released at the same point morSeClickedl ) is 
| When the mouse enters a component, the 1potsyeEniereadf) method is 
机 lt leaves，7z2oztsePxitedr ) is called. The 1101SePressedf ) and 
tspe eleaseaf() methods areinvoked whenthe mouseispressedandIeleased， 
”vely Their general forms are shown below 一 

vold mouseClicked(MouseEvent mme) 

Yold mouseEntered(MouseEvent me) 

Yold InOouseExited(MouseEvent ze) 

Yold mousePressed(MouseEvent me) 

罗 思 mouseReleased(MouseEvent 71e) 

(ze) LorsenyoriomListemrer Taterface - This interface defines two 
s morvseDragged() method is called multiple times as the mouse 


dden' 


invOke 
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1 Sea | Unit -JW 753 
e 11potsehpyved 人 OO method is called 和 Bran 
外 和 0 放 帮 general forms are shown below Tipls Mumes as 网 abstracf class exists for the 人 of inheriting by other classes, 开 
mouseDragged(MouSc “vent 71le) 四 1 SETVe any 加 本 ee 》 有 DeCaUSe it is incomplete in the 
void mouseMoved(MouseEvent ze) | 05 0 the ure virtual es aa in it has no body By this we 
(0) Morse 矿 jpeeLPisterter Taterace - This int 需 reate am object forthe abstract class, however we can create a Di 
11rotseJyjeelMovedf) methodthatls invoked whenthe es ace dt | 人 二 
ed eWheali | 79. JJ1At Q7E 1Ppe Properties Oo1aBstract pase clasy ?> 


voidmouseWheelMoved(MouseWheelEvent 172We) 


Ci TextListerer 11zterace -This interface defines th 
method that is invoked when a change occurs in a text Eee 如 
general form is shown below 一 QI text aa flowIng 

void textChanged(TextEvent 1e) 


(R.GR 记 Dec. 2006) 
人 An abstract class Withiomnelior more pure virtual functions has the 
properties 一 

Describes afiunrealized concept (which is yetto be concelved) 
们 Objects of aniabstractclass type cannot be created 


0 teinshoa (ii Deriwed classes can be built from these abstract classes 
gains or loses input focus. Their general forms are showm balovec whenanih (iv) Objects of the derived classes can be created provided these 


void windowGainedFocus(WindowEvent we) jaived classes do miot have any pure virtual functions， 


vold windowLostFocus(WindowEvent we) | 076.17U1i UN 08stract USe cgse ”Ciye exan1ple 促 GR 扩 Dec 2014) 
(Geii ijadowListemer Taterface - This interface defns ws 时 4 Use cases could be viewed as concrete or abstract. An abstract use 


methods. ) 网 本 
SR 光 ee ee ) and WipnadowDeactivaledf ) methot aceisnotcomplete and has no actors that initiate itbut is used by anotheruse 
1S activated or deactivated， TeSpectively Ifawid，oase This inheritance could be used in several levels. Abstract use cases also 


is icon ， 
二 ， ee aa 姨 ithe ones that have uses Or extends relationships. 
人 ， 2 WindowOpenedf 几 OFT WipnGowCl6seaf ) methu 0@77.. Explaimz gpstract711zetPods aid classey. (RR.GPP Dec. 2008, 2072) 
ein Ti eWwindowCiosipng() method is called whenawinl 刚 4005. An abstract method has no implementation. It exists so that its name 
ee general forms are shown below 王 | canbe inherited by derived classes. This creates a consistent interface acrossS 
vold windowActivated(WindowEvent We) the classes in a hierarchy. For example, the“turnOn”methods of fuel and 


， Re water pumps are very different. Therefore the definitions of the two methods 
void windowClosing(WindoWEvent We) 
void windowDeactivated(WindoWEvent We) 
void windowDeiconified(WindowEVent We) 
void windowIconified(WiadowEVvent We) 
void windowOpened(WindowEwent We) 


The 'turnOn” 

method does nothing in 
the “pump” 

class but acfts 

as aplaceholder” 

for the method name 


CI4. Jat 六 Gbstract class GHU oj 站 办 1zeeded ? 上 
人 GR 隐 J 
The'turnOn 
玉 7at z Cr 员 Turn On 、 
leC1X DO abstract clasy， (CR.GR 辽 NI | 辐 ep 


上 
[| in the derived 


-411S. A class containin 
classes 


Abstract classes are fre 


| 
由 


灰 70. 了 37 
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have nothing in common. However， reasons of design | 
should have atumOn method- This is it is not go0 praetmpu 
overloaded method names 工 separate parts of a class hierarch We 
have a common nob SInCe the methods are then applied as id 
with no reference to each other. question， What is the impl 网 hu | 
the'turnOnm method in the *Pump” class fitis notused for entati 


& j 
ommae Wu 
ofthe two ot 


二 
寻 


her methods ? In fact, the method does nothing om su 
_ it exists as a placeholder for the name of the method so ba 昌 
classes may implement their own verslions of 'turnOn， (fig. 3 3 jd 
intents and puUrp0SeSs，am “abstract method 站 了 | 则 
implementation. Such methods are an important design arti 和 ne | 
a method does nothing, it does not mean 1 Should not be declared 0 
methods are common components of an abstract class. bs 


Classes - Refer to Q.74. 


Q78. Hatstjeizaportaceorapbstractbase classes 2 Coztye crew 


。 oil 
orabstract class ? FIie wProSra11t 10 Ge11aO11S1TG1B 下 促 GR 了 Jo 训 
| 


dtg. Importance of Abstract Base Classes -- When a class if di 
onlyto act as a base class, to be inherited by other classes, then thateluyi 
known as abstract base class, This class 1s used only for deriving 由 
classes. It is a concept for designing in the program development ii 
provides a base upon which other classes may be built. 


人 
[ 


An abstract base class is a base class containing puie virtual fmet| 
The main objective of an abstract base class is to proyvide Some trais tt 
derived classes and to create a base pointer required fomiachieving ma 思 
polymorphism. 


Jn a very simple sense, an abstract 5ase classiSErVes to capture j 吃 
relevant public design decisions about be abstraction. Afiother imporarl 
of abstract base classes is to cache commoalstatEs 三 a might other | 
expensive to compute, Thisicamiconvert an Op) computation to | 
Tetrleval. The costofthis style ithe Teduired co-operation between thea 
base class and its Subclasses, to KEEp the Gached result up-to-date 

To, we cannotcreate objects ofabsiract class. An abstractclassie 3 
only to act as abase class. Itis a design concept in program developm 
Provldes a base upon which other classes may be built, ClasS65 use 所 
deriving other classes are SoOmetimes called abstract classes$， meam 
和 Jnstance (object) of this class is created，When we neVe 出 
Instantlate objects of a base class we call it an abstract clasS, 50 - 
exists only to actas aparent of derived classes that will be usedto 和 下 | 
objects, It may also provide an interface for the class hierarchy. 


de 她 
名 


LEE- 贿 


gram for using the abstract cjlass 
TO 


几 clude <iostream.h> 


ip 
osing namespace st 
f 
claS5S den 


C 
void getdata(int X) 
{ rollno = 将 


putdata(Yoid) 


coOUut<<“Roll Number : ”<< rollno <<“n7” 


} 
Engineering : public Student 


有 oat Sub1，sub2; 


public : 
void getmarks(float ml, fioat m2) 


Subl = ml; 
Sub2 = Im2; 

} 
void putmarks(void) 


cout << “Subject 1 = ”<< subl << “mn ; 
cout <<“Subject 2 = ”<<Ssub2 <<“ “mn ; 
} 
站 
class Medical : public Student 
float sub1，sub2; 


public : 
“void getmarks(float ml, float m2) 


Sub1l = ml; 
) Sub 2 = m2; 
void butmarks(void) 
{ 


cout <<“Subject 1 = ”<< Sub 1; 
cout << “Subject 2 = ”<< Sub2; 
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int main( ) 
f 
Student *p; 
Engineering e; | 
Medical m ; 
e.getdata(1001); 

p = 信 6e; 

p -> putdata( ); 

pP -> getmarks(50.6，60.8); | 

p -> putmarks( ) 
| 


m.getdata(2001); 
p = 色 m; 
pP -> putdata( ); 


p -> getmarks(90.4， 89.7); 
p -> putmarks( ); 
return 0， 


} 


QZ jet is tie djererace petpee 00Stract claSs amd inlerh 
环 7jzerm sjporld Jou rse Ca QOSs1ract clasS， IOHe1z G17 2111er1zce jen 而 人 
( 民 .G 忆 天 Jane 牟 


41is. An abstract class contains executable methods and abstractmietiw 
It js designed only to act as a base class. Where agian interface defmg 由 
abstract methods and fields. This means that the intErface does notspetl 
any code to implement these methods and data fields comitain Only Con 好 


An abstract class should use in case where y6U Wantto USE implement 
inheritance, Abstract classes are excejlent candidates 过 side of appledl 
frameworks. Abstract classes let you dsfinmesonmie defaultbehaviour and 他 
Subclasses to provide any specific behaVioi 


An interface is used forpolymorphic iiterfacelinheritance. Where 
does not care aboutthe actual implemeiitation and wants to only dealyl 


地 虹 
由 3 妇 


or 


DORPHISM -INTRODUCiroN, METHOD OVERRIDING 


M 
POLYVERLOADING STATIC AND RUN TIME POLYMORPHISM 


0 817zte SHOT7OLe 0 (R.GPFE，PDec. 2009) 
Expla 友 1je 态 zzzctiomz 万 0O11120FDHS111 (R.GPF No 2018) 
4 岳 Polymorphism is an important concept of object-oriented 

prograimmimg. 下 Imeans， 如 e ability to take more than one form i.e.， 
iolymorphism literally means many forms .An operatlon may exhibit different 
hshaviours jnmidifferent instances. These behaviours depend upon the types of 
data iused in the operation. For example, two numbers are added and the 
Uperation will generate Sum. 于 the operands are strings, then the operation 
would produce a third string by concatenation， 

Polymorphism refers to the ability to perform operations without knowing 
tetype ofobject that will be operated on. Polymorphism allows the system to 
automatically Select the correct operations for the object concemed at run 
tme. The system can dynamically choose and perform the correct operation 
depending on the data at run-time. 

Wi olymorphism allows different object to Tespond to the same message in 

和 WayS， the response Specific to type of object This is achieved by 

站 types of 'overloading”. lt is implemented using overloaded functions 
erloaded operators-. 


Q@.2. pat 闪 ieritamce amd POLOPHNSNz 和 Object OFie11fedt 


Pogramamzizag ? (R.GRI .Jaurre 2073) 
4114， 


JInheritance _ Refer to Q.1 (Unit-IID). 
Poly 


morphism - Refer to Q.1. 
put are te adparatages orpompnaoDHiSN 2(R.CFP PP Dec. 2009) 
The advantages of polymorphism are as follows 一 
code The biggest advantage of polymorphism is creation of reusable 
Sasily erogrammers， classes once written, tested and implemented can be 
sq without caring about what"s written in the cases. 


区 “国人 
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昌 

从 Polymorphic variables help with memory 二 
攻 ltiple data types (intepe .0 that 
ariable can be used to store IDUILP gers, string ta 
2 \ 


1 etc ， 入 
than declaring 3 different variable for each data format to be ea 多 地 
0.4 了 71pata 


1anoh 


re je disadya1z1a8SeS OF poipmaorPp1isrmz ? 
(人 GPRE 
4d1g. The disadvantages of polymorphism are as follows _ 
(i) ItS esoteric. Not veIY eaSy for the beginner to jus pi 
go with 让 Rather ittakes often years of dedication before abstraction ba 


6 项 


second nature-. 
, it in migrating legac it 
(ii Huge up front hit im mlgrating 'egacy codes as it ften ha 


redesigned from scratch. Of course in the long run, in terms of 
performance and robustness， this eventually becomes an advantage， 


2.5. jpat are CerentDPpes OF pop711zo7PHiszzz 2 Describe 太 em， 
(有 R.G 久 Dee ) 


8 


Or 


瑟 ofy PopymiomPPismz 办 CCPieved Qt COPIDIE Lizyze GO1ad ru-finiey | 
(了 R.GR 卫 Jre 2013, Dee 加 


Or 
DistimzS2isP betyee1t ea71y 011G Late 511adi128， (RR.GPRP Dec 出 
Or 
Ciye tile dfererces jefee1z static CO1 CO11G1121C POLODPJN 拓 


( 民 .G 下 辽 Juze 吉 
412S。Thereare two types of polymorphism, they arelas follows - 


( 雪 Comzpiie-tizte Po1raorpPis11z 二 The overloaded mer 
functions are“selected， for invoking 让 matchingarguments both 加 
and number This information is know toithe compiler at the COm 耻 
time and, therefore, compiler is able to select apPi6priate function 电 
particujlar call at compile-timejielf This is caljsd eary Dadi18 0f 红 | 
binding or static firzkinrg, also kiiown 二 compile-time polyntiorphism 2 | 
站 simply means that an objectisboundto its function callat | 
ime. 


。， 。 (由 

( 友 Runrtirre 忆 oO0mzzorpjismmz -Ifthe appropriate mermber 0 

could be selected while the program is running. This js know 85[ 间 
polymorphism. C++supportsa mechanism known as virtual functionto 
own 


run-time polymorphism. 

At _ 十 中 后 他 1 
， Tun time， when class objects under 'consideration are 4 于 | 
PPIOPrIate Version of the function is invoked. Since the functo 


友 


0 
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ass much later after compilation, this process is termed as 
lso knowan as draam1tic bipdirtg because the selection of 
done dynamlically at run time. 


icular c 

9 用 和 30 

ropriate 多 nction 5 

1aza te 111EC1118 OF Pop11zOFPARiS111， 再 oz 六 POLOFPAESH11z 

不 7_PBxPlatPz JR codi118， (到 .GPR 了 .Jrre 2077， 207 才 
iered 光 Or 

DO1P12OTP EST 2 EXpiatp port staetic ap 11G1127c 

oa exanmaples。 (R.GRF Dec .2077 


EUP4”， 


Jpat 
jnOIPPS Or 
Po11aoO7PAP1s1 忆 太 erezztiete beneera static amd daazraic 


L617 
Ex1 111PLe. (R.GRF urze 2072) 


12 10211 012 EXC 
0O7B 已 


Fat 好 DOUINGZPHzis111 中 ComtPpare static ps dtanmic potymnorphisrn 
(有 .GPRF Dec 2072) 
O17 
Jiteiarogsra7a 10 Ge11z1O71SITCIE FF-E111E POLY111OFDHRiS111 
(有 .GPRF，Dec 2072) 
Or 


PitEzspotp1zzaorPHis112 2 厅 atare djerertt1prwasy orits 2 Cipe exa11atpLe 


ofelc 凡 。 (.GCRF， Ju1re 2074) 


41 Polymorphism 一 Refer to Q.1. 

Static and Dynamic Polymorphism -- Refer to Q.5. 
Program to Demonstrate Run-time Polymorphism 一 
/Run-time polymorphism 

#include <iostream.h> 

区 nclude <cstring.h> 


usSIng namespace std， 
class media 


brotected : 


char title[55]; 
float price: 
public : 


media(charks, float a) 


strcpy(title，s); 
Price = al; 


Virtual void display( ) { }》 /Wempty virtual function 
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rano 
class book ; public media 
int pageS; 
pubjic : 
book(char*s, float a, int p) : media(s, a) 
pages 二 p， 


} 
void display( ); 
》》 


class tape : public media 


floattime; 
public : 
tape (char#s, float a, foat bb : media(s, a) 


time 三 ft 
} 
void display( ); 
》 
void book : : display( ) 


cout <<"n Title :" <<title; 
cout <<\n Pages :" <<pages; 
cout <<"m Price :"” <<price; 
} 
voidtape : : display( ) 


cout << mn Title :"<<title: 
cout << An play time :" <<tinme 去 <"ming' 
cout << An price :" << price; 

} 


int main( ) 


char *#title = new char[30]; 
float price, time，; 

int pages; 

/Book details 

cout << Enter book detailsm': 
cout << Title :" cn >> title; 
cout << "Price :cin >> Price; 
cout << "Pages :cin >> pages; 
book bookI(title， Price, pages): 
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etails 
/Ta 有 Enter tape details\vn ; 
50C erTitie >; Cin >> title; 
COL -<nprice : CIn > price; 
coU <<"p1ay time(mins): ; cin >> time， 
0 tapel(titie， price, ttme); 


dia 和 jist[2]; 


一 bookl; 

list[0] 一 儿 200 

listf1]F&tape 5 Detail 
ut << Media etaHs ， 

<<"rm Book ; 


coxo > display( 7 | Lispl 友 book detail 
cout <<n Tape : 
list[1] 一 > display( 必 /display tape details 
Tesult(U); 

} 


0.7 Jat 好 FI-E11e Polz1aorPHismz 2 EXPplaim it exQ11tple. 
(R.GR 太 Non 2078) 
镶 Referto Q.J and Q.0. 


08 Dicrss CDout tiPe Joliomiprg 一 
(de 态 od 1ooKFuP ( 动 Po0pmzorpjismm. 
Or 
丽 ite sjport 1zote 012 111e 织 ogg ooFzD， ( 民 .GPFE，Jupe 200 人 0 


41s. (人 1UMetpodZEooFup 一 Method lookup is the process of determining 
which method definition a method signature denotes during run time, based 
mthe type of the object. When we use the Same method name in both the 
base and derived classes, the method in base class is declared as virtual using 
be keyword virtuaz preceding its normal declaration, When a 名 nction js 
made yirtzaz C++ determines which function to use at run time based on the 
bpeofobjectpointed to bythe base pointer ratherthan the type of the poInter, 
Thus by making the base pointer to pointto different objects, we can execute 


Trent versions of the virtual function. Following program illustrates this 
pproach 一 


(RR.GRF，Jzrre 20710) 


项 nclude <iostream.h> 
class Base 
{ 

public: 


void display( ) fcout<<'sn Display base :} 
virtual void show( ) fcout <<'%n Show base”} 


》 


class Derived : public Base 
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Sem 
Sa 


{ 
pubjic: ，， 
void display( ) {cout <<“m Display derived* 
void show( ) {cout << mm Show derived";} 
和 
int main( ) 
{ 
Base B; 
Derived D; 
Base *bptr; 
cout<<'en bptr points to Base\n?”'; 
bptr = 信 B; 
bptr -> display( ); /calls Base version 
bptr 一 show( ); /H calls Base version 
cout<<“mnwm bptr points to Derivedn>: 
bptr = 康 D; 
bptr ~> display( ); /calls Base version | 
bptr 一 > Show(f ); /calls Derived version | 
return 0; 
} 


Here, when bptr is made to point to the object D, theistatement 


bptr 一 display( ) 


calls only the function associated with the Base (ij 二 . Basel: : displayfl 


Whereas the statement 

bptr 一 show( ); 
calls the Derived version of S 
has not been made virtual in 


how( )aEhis is becaiise the fonction displl 
the Base class, 


( 翅 Popmrorphismz ~ Refer 名 Qil 


QIEompecara derivea 态 


Sporld ua virtral Jonrctiom 5e 


411S. Refer to Q.8 (iD). 


declarew arzd de1izze 以 


本 jl 虹 
ZJ1iCtio1z usE ia viriRatjierzction 2 ZK 


人 


(R.GP 防 Die | 


782 


-一 


mple de <iostream.h> 


此 ncjlu 
claSS 
人 int X; 
public: 
int y; 
void get_xy( ) 
cout << Enter values for x and y:"， 
cin > 之 X >>Yy; 
} 
int get x( ) 
return_Xx; 
Q :private 了 
intz ; 
public : 
void mul( ) 


get_xy( ); 
Z 一 get_x( ) *y; 


void display( ) 
{ cout 一 一 1X < "< 一 区 < 一 mn"; 


cout << "y = "<<y <<m"; 
cout << "2 = "<< z << mn"; 


小 ; 


下 main( ) 


AN ); would not woOrK 
q.mul( ); 

q.display( ); 

return 0; 


} 


Un -V 7153 


1 
7. 至 opject Orierifed SS1E7HE HE 
70. 玫 jati [ 青 YpDLaipm Jo1ominag special Jeature o 
允 70. jatis POLOzrorppisnmz ? Give arz exG11tple 10 US1rULE | Samplie _ S 到 


11ie11tper dafx o 
derzved class Cd 1pe 7 


。 6Se ic 
1N120112( 12ezzczorz. 


(| | 
ripe Dase class jecomies 1pe Privale clCSS 111ENIEC ，， 上 


几 

中 由 | 

Lass Maemaber data carz1tot 尼 川 
似 GPP 


4mzs. Folymorphism 一 Refer to Q.1. 


亿 Emcapsriariom arzd potprrazorpPiszzz 


( 4S8sregatioma 
(i) Lssociariom 


(R.GPFK，Dec, 2074) 
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418 介 Ericapsriatio 一 Referto Q.1 (Unit-ID. 
Po1pmrorpjisrma - Refer to Q.1L. 
( 刘 Tazperitarce 一 Refer to Q.1 (Unit-IID). 
(ii 48ggregation 一 Refer to Q.54 (Unit-IID. 
bw) 4dssociatiom -Refer to Q.36 (ii (Unit-IID. 


O.72. 于 jut do po Jea1z DY DC11tC Dipzdizzg 2? om 
(人 GRP Ji h 

4nsg. Dynamic Binding -- Refer to Q.65 (ii). e 2 

Dynamicbindinghelps to optimize the look-up mechanism in 8 
itmoreefficient.Aslongasthe class Structure remains unchanged 二 tn 
execution, the correct method for every operation can be stored Ion 
subclass. With this technique, known as method catchinpg， dynamic it 
bereducedtoasinglehashtablelook-up and performed in Sonstant timene In 
ofthe depth ofthe inheritance tree. Clever compiler tricks can re di 
size of the constant cost. Thus, in OOPL, with dynamic binding the 症 
time method resolution can be reduced to a single structure referenes 
insignificant compared to the cost of calling a procedure. 


an 


@.13，Explaipz Virtral jzactiom.(R.GPF， .Jazze 2005, Dec 2008， 
Or 


邦 pat 8 VEUGE JUtCtiofp dejirre it exa11at1ple 2 (R.GPR Dec 


41s. Virtual means existing in appearance but not in Teality Whenyviml 
functions are used, a program that appears to be callingia functiom of 
class may in reality be calling a function of a differenticlass 


When weusethe same functionname inboth thebaseand defivedclass 
the function in base class is declared as virtualising the keyword vi 
preceding its normal declaration. Virtual functions arelthie C Wayto ob 
polymorphism. They provide a method of encapsulating the implementatn 
details of an inheritance hierarchy. 


Here is an example of a virtual function deelaration - 


7 


ClassA 
{ 
Private : 
/member variable declaration 
public : 


// member function declaration 
Virtual void vir_func( ) 


/ Body of function 
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1 1 Virtual MEC 丰 OP 2 卫 J7 GD ye meed pitual iozrzctiopz 
4 
Function 一 Refer to Q.13， 


Virtual Function 一 Polymorphism refers to the property 
belonging to difierent classes are able to respond to the 
but in different forms. An essential requirement of 
es5ag， therefore the ability 如 refer to objects without any regard to 
6 necessiates the use of a single pointer variable to refer to 
SeS. different classes. Here, Weiuse the pointer to base class to refer 
bjecft5 of d objects. Buta baseipoinitern even when it is made to contain 
desire derived class, alWaysiexecutes the function in the base class. 
.| ijgnoreS the contents of the pointer and chooses the member 
和 hes theitype of the pointer Then virtual functions are used 
lymmarphism Virtual functions. 


公 Virtual 
ssity 0 
h object 


0 
0 5 are 1 本 gl jieractiomrs 2 Create gbase class aa1ted rectamgle 
1175 CC 经 112E1120E71S Le1281 Gd IIGR Gd Pteriber jazzctor drea () 
hl Etor Ero11a 1Pis class deriye Box class Wi aproperty deptp az 
nd 村 ion reaf) tat retarras 古 e Surfiace area ortpe pox aad ec 
pn 本 Volt11tCE(〔) 71ac1tede tese classes 1 0 HOTS PrOS7G111 
ea (RCRFE，Dec. 20777 

dnsg. Virtual Function -- Refer to Q.13， 
Program 一 

贡 nclude <iostream.h> 

using namespace Std; 

class rectangle 


int length; 

int width; 

public : 
rectangle (int, inft); 
int area( ); 


)} 


Iectangle : : rectangle (int x, int y) 


length = X， 
width == y; 


上 rectangle : : area() 
return (length * width)， 


class box : public rectangle 
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anoh 


int depth; 
public : 
box (int d) 

fdepth = d;} 
int area( ) 


return (2*(length*width + width*depth 十 depthwength 


int volume(l ) 


return (length#width*depth); 
} 


int mainf ) 


rectangle y (10,，10); 
boxb (10); 
cout << yareal( ) <<“\m”; 
cout << b.area( ) <<“ An ”; 
cout << b.volume( ) <<'“ wn”; 
return (0); 
} 
@I6. 环 jal are virtual1izzctio11s 2 有 Natis earmy bp212d272g CGIate 50indig 
011d NA 215 1ate DO17dirzzg pre1erred ? (R.GRF，Dee 2 


419. Virtual Functions 一 -Refer to Q.13. 
上 Early and Late Binding - Refer to Qi5. 


Consider for example, the following class definitions 一 
class 叉 
{ 
int 3; 
public'， 
void show( ) { // show( ) 记 base 
} 
class Y: public X 


intb; 
public: 


Void show( ) {...} // show( )n derived 


1051C 


WU1jif -用 16/ 


function is not overloaded and thus static binding does not apply 3s 

The ”of show( ) is the same In both places. In this situation we may 

上 resolution operator to Specifytbe cjass， while invoking the functions 
etbe jerived class objects. 了 twoujld be betterifthe suitable member function 


Wi 
和 jpvoked Y 


bile the Program is running. 
好 t CU7E ULES JJDr prtUEIJzezzctiors ? 
和 7 Z Or 
je erECt2118 Pirtual HECUors 矶 r Z7tDUemrzerztizzg Late pzzzdizzg Hat 
nlesS1poud be DUONed 全 GR 防 Jure 2006) 


41g， We should iobserye some basic rules that satisfy the compiler 


requirements 
DA iftual function can be rierrtd of another class. 


(证 They are accessed by using object pointer 

(iii) Virtual destructordoes existbutwe cannothave virtual constructor 
( 训 Virtual fanction must be members of some class. 

人 同 Virtual function cannot be static members. 

(vi) 太 virtual function in a base class must be defined,even thbough 


itmaynot be Used. 
人 viD 开 a virtual fanction is defined in the base class, it need not to 


emeeessarily redefined in the derived class. mm such cases, calls will invoke 
the base function. 

(viiD When abase pointer points to a derived class, incrementing or 
decrementing it will not make itto pointto the next object ofthe derived class. 
Itis incremented or decremented only relative to its base type. Therefore, we 
Should not use this method to move the pointer to next object. 

(ixg) The prototypes ofbase class version of virtual fonction and all 
the derived class versions must be identical. Iftwo functions with same name 
have different prototypes，C++ considers them as overloaded fnction, and 
rtual function mechanism is ignored. 

人 78..P1az 站 Daere Virtual zzzctiop 2 81 加 He 1zeEeEd 1Pera Ga1td 户 0 
we tey dejirred ? (RGPF Dec. 2007) 
dns Apure pirtuat Jauractiom is a function declared in a base class that 
no definition relative to the base class. IJn such cases the compiler requires 


ea 
derived class to either define the function orredeclare lt as a pure Virtual 
ction . 


has 


Note that a class containingpure virtual fonction cannotbe used to declare 


any | ， 
y objects of its own. Such classes are called abstract base classes- 


区 
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A pure virtual function is declared as follows ~- 二 


virtual retum_type Dame (list of arguments) = 0; 


Necessity of Pure Virtual Function 本 Some classes, su ch as 
rebresent abstracf concepts for which objects cannot exist A as 
e only as the base of some class derived from 让. This can be pe ma 


el that it is not possible to provide sensible definitions for 
fnctions 一 s vi 
class Shape { 
public : 
virtual void rotate(int) {error (shape :: Totate”);} 
/inelegant 


virtual void draw( ) {error (shape : : draw);} 


ee 


恤 
Trying to make a shape of this specified kind is silly but legal _ 
shape s; /silly“shapeless Shapey” 


It is silly because every operation on s will result in an error 
Abetter alternative is to declare the virtual function of class Shape toh 
pure virtual functions.A virtual function is“made pure> by initializer=(- 


class Shape { / abstract class 
public : 
virtual void rotate(int) = 0 / pure virtual functi 吓 
virtual void draw( ) = 0; / pure virtual function 
上 


The equal sign here has nothing to do with asSsignment the valuel0in 
asSlgned to anything. The = 0 Syntax 1S Simplyito tell the compiler that 
名 nction will be pure. A_ class with Onejion more pure Virtual function ka 
abstract class, and no objects of that abstracticlass can be created - 

Shape S; / error : variable of abstract class shape 

An abstract class can be used ily as aninteffaee and as a baseclasfr 
other classes. 

When aclass declaration contains 有 Pure virtual function We cannoi 
an Object ofthat class_Classes with pure Virtual function exist solely 
as base classes. For a class to be genuine abstract base class, ithas to 四 
least one pure virtual fanction . 

和 ? 1 ( 半 

Abstract method may be declared to be pure virtual functl0ns bt 
any Vitual function which is dynamically bound, can be made abstrt 
following Syntax 一 ， 


Virtual method_name( ) = 0; 


Cfe 汪 
Se 
Vi 


后 - 
二 
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， eans hat DO implementation 18 provided for be method in 人 bi 
Thbis fwo implications 一 
Lo59 if ，、 The method cannot be Invoked by objects of derived Classes 
Jverriding implementation Is specifically provided 


人 
UnlesS8 辐 No objects of the class containing the abstract method may be 


jstzntiatet have placed a pure Wirtual fonction in the base class then we 

和 deitin all the derlived classes from which we want to instantiate 
To class does not OVeiride 了 be pureyirtual function then ift becomes an 
Ubjects. 本 itself and we cannot Instantiate objects from it, For Consistency 
Hg want to make all the Virtual functions in the base class pure， 
凤 阴 


079. Nat are VErtaL UNGCEO1S 2? jat are pure omrtua7 Jiertctio1as ? 
peuss ip IN o1 WEGYmpAe (R.GR 隐 Janre 2072) 
4d1g. Virtual Function -Refer to Q.13. 
Pure Virtual Function -- Refer to Q.18. 


刀 


220 CI14 deS11xctorpe Virtual 2 Com acorzstructor 有 beyzrtxgr3 EDLai7z. 
(有 GRP Dec 2070) 


用 人 Destructors are declared as virtual, in contrast constructors cannot 
ivirtual Virtual destructors are controlled in the similar manner as virtual 
fnactions. Destructor of the derived class as well as destructors of all its base 
iasses are invoked when a derived object pointed to by the base class pointer 
i deleted. The concept ls illustrated by the following program 一 

#include <iostream.h> 
妨 nclude <string.h> 
class Father 


protected: 

char *father_name; 
public: 

Father(char *name) 


father name = new char[strlen(name) + 了 ; 
strcpy(father_name,， name); 


virtual ~ Father( ) /virtual destructors 


delete father name; ， 
cout << 必 Father( ) is called" << endl 


virtual void display( ) /virtual fanction 
cout << "Father's Name:" << father_name << endl; 
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中 
class Son:public Father noh 
protected: 
char *Sson_name; 
public : 


Son(char *fname，char *Sname):Father Chane) 


son_name 三 DewW charfstrlen(sname) + ]] 
strcpy(SOn_name，Ssname); ， 


} 
~Son( ) 


delete son_name; 
cout << “~Son( ) is called" << endl， 


} 
void display( ) 


cout <<"Father?s Name: <<father name<<end 
cout <<"Son's Name: "<<son name<<endl， 
一 一 》 


void imain( ) 


Father *# 企 
于 = new Father ("Amitabh); 
cout << fpoints to base object .…. "<<endl， 
f-> display( ); 
delete 
f = new Son("Amitabh"， "Abhishek"); 
cout << fpoints to derived objeG 全 "<<endl， 
f -> display( ); 
delete 节 
} 
了 mn the above program, ifthe destructor 过 made as mon -virtual destructr 
the base class, only the base classis dsstructor 这 calledswhen the objectisdelett 
Im main( ), the variable fis a Gintertobase class Father The stateme 
f = new Son('Amitabh", "Abhishekm; 
creates dynamic object of the class Son byiallocating memory needed 0 
data members also. It is essential that memory allocated to object and 
members has to be released explicitly when the object pointed to py f80 
of scope. 


;on 稀世 
When the destructor of the base class is not a virtual functior 
normal case, the statement 


delete 


Li- 人 V 7T71 

| the first string through the base class d 

Le 1 0 eletes the string.Amitabh through the de 

， Hestructor is declared as Virtual and ff 

we 和 therefore, the destructors in the Son 
bje 


ed. 
go1 5 0 class are ca ， | 
pathe 入 Jlowing situations virtualjidestructor is Used _ 
Pt 


Destructors of a baseiclass are decjlared as virtual functions 
operations is performed oni an objectbya 
Whena will first invoke the object destructor rathe 


de 癌 1 With the fointer Or reference type. 
iate 
09650012 


提 人 virtual destructor should be used when one class requires to 
ct ofa derived class that are addressed by the base pointers and call 
destructorito free Tesources allocated to 让 


esStructor, afhbough in 
Tived class destructor 
actually addresses the 
S class as well as the 


pointer or reference， 
T than the destructor 


delete obje 
base cja5SS 四 

22 NatEzaearntDPOVerridirag mmzemzberjirrtctior 2 plaizzcorttaiprers1i 加 
Jaderom ijertarrce 促 GR 的 June 2015 2010) 


dsjiOverriding is the term used for redefining a method in a derived 
Uss, thius; provViding specialized behaviour When inheritance is used for 
池 ccializatiomn， a class extends its Superclass in order to redefine some of the 
wpefclass methods, while leaving unchanged therest ofthe methods itinherits， 
Theinherittmethods that are redefined are said to be overridden bythe subclass. 
By overriding certain methods, the Subclass Specializes the behaviour of its 
superclasS. 


Consider for example， 
如 nclude <iostream.h> 
class BaseClass 


protected : 

int X， 
public : 

void setx (int x_in); 
}: void showx( ); 


民 BaseClass : :Setx (Intx_in) 

) 三 X_in， 

BaseClass : . showx() 

) cout <<"base X =" <<< X << endl; 


"ass DerivedClass : public BaseClass 


172 Object Ormenteo Programrning & NMe 妨 oado/ogy (WiSem.， CS 


anch 
private : 
int y; 
public : 
void sety(int y_in); 
void showy( ); 


DerivedClass : : Sety (inty_in) 


1 

y 三 y_In， 
void DerivedClass : : showy() 

cout <<"Derived y="”<<y<< endl， 
} 


Consider the base class method “showx”. Whether 
of either the base or derived class, it will always display 
attribute value, even when the derived class js using the 

In this program，objects of both the base an 
instantiated and given values for their x attributes Th 
is called for both objects -- 


void main( ) 


it is used fo 
"base x=， 
method 

d derived Classes ar 
en the “showyx， method 


T Object 
before th 


BaseClass base_object. 

DerivedClass derived_object 

/set the x value for the base class object 
base_object.setx(8): 

/set the x value for the derived class Object 
derived_object.setx (12); 

/display the x value for the both objects 
base_objectshowWX( ); 
derived_objectshoW&( ); 


} 

The output is as follows _ 
basex=8 
basex= 12 


;sm t 

To overcome this problem,， we can use the bower of polymomp 1 

define a new“showx' method for the derived class which will over | 
inherited version . Onlythe cha 


we chu 上 
nges to the class definition have beenz 
other elements would remain unchanged. 
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ee 


和 < DerivedClass :jhowx( ) 


cout <<derivedjx=” <<X<<end]; 


run progiam again, then we get as follows - 
6 
外 basex=8 

derived x=]2 


C taiiiershipiand Its Difference from Inheritance - Refer to Q37 
00 
(UniEID)， 

022 Prxpiir OVETTIGITIB- 


4d19. Refer to Q.21. 


玫 /1 如 oOyerride 
zs oOVve1Tidi1zz8g 2 形 1zzatfare 矶 ereaso11sg Ofa Supbclass 
和 (R.GRE， Dec. 2073) 
内 坑 0ds 
41S. Overriding 一 Refer to Q.21. 
There are several reasons for a Subclass to override methods, of which 
the most common are as follows 一 有 
(人 To create aclass some of whosebehaviours are more ee 
than those of its parent class. Here the new class represents a concept, tha 
aspecialization of that of its parent class. 
人 To create a class that is a variation of its 和 
sbclassreusesthe elements ofits Superclass to simplify its 0 ee 
全 To create a class that is more efcient than 由 
ANW class exhibits the same behaviour as its superclass bu 
是 ciently typically using less time oOT Space. ER 
(ivy) To create a class that its more ee 和 ee 
Subclass is more powerful in the sense, that 让 
Sater power is achieved in one or both of the following US 
(a) Some of the subclass's method override me lishes as much 
onditions. This means that the subclass accomp 
ass but requires less of its clients' or in 
(b) Some ofthe subclass's methods ee ie 全 雹 t 吉 
Fostconditions. This means that the subclass accomp 


”perclass， but without placing additional requirements on 1ts clients. 


(R.GRF， Non 2078) 


The new 


konger prec 
Si Supercl 


Weaker 
LN 
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em CS Unit-/V 175 
-8 
@.24. Hom maetpods camz pe Ce 212G xsed ? Cive 。 二 调 1oa couple of rules of thumb. First, if we redefine an inherited 
1 fjes iginal prot 1 5 
。 1 (了 15 反 5 e match the ofrlgnal prototype exactiy. One exXception is that 
2 We ee Cepron 有 pa 8 reference or pointer to a base class can be replaced by a 
C 站 
expleim 态 e Or ol 网 e 的 to the derived class. Second, 让 the base class declaration is 
1 了 ie sport Paote ol rede1izzed 11zetPods. 包 


(RGpy Jrence edefine all the base class Versions im the derived class - 


41s. Overriding Member Functions -- Refer to 加 he 轴 有 Dwelling 
Redefinition takes abase class and redefines an existin metha 1 ， { 
让 识 a new way 训 order to change capability or performance Tblennt 证 池 three overloadesd showperks0) 
methods thatare redefined are said to be overridden by the subclass Re inbai :tual void shawperks(int aj const 
certain methods, the Subclass Specializes the behaviour ofits it en 册 Void shOwPperks(double x) const; 
Ifa derived class fails to redefine a Virtual function the class as virtual Vid shoWiperks() const 
base class version of the function. If a derived class part of 。 The 
derivations, it will use the most recently defined version Of virtoalg en 
Suppose we create something like the following - 人 0 ssHovel :publicDwelling 
class Dwelling cla 
lic: 
public: pub 
virtual void showperks(int a) const， // three redefined Showperks() 
多 void showperks(int a) const; 
。 void showperks(double xz const 
class Hovel :public Dwelling void showperksO const; 
public: 
void showperks( ); 上 
】 呈 IHfweredefine just one version, the other two become hidden and ee 
TH beused by objects of the derived class. The redefinition can simply call the 
WE Canse8 a problem. We may get a compiler waffiing similarbt| base-class version if no change is needed. 
宝 。 。 | RR.CGPR，Jurre 207 才 
: Hovel :: Showperks(voidjihides DWwWelling :: showperks(i 史 25 Pxplai ovyer1oading mi 人 Re 
Tperhaps we wonrt get j llowi 
二 to 中 awWarning'Either waysitheicodehasthefoloml| Tie spor 0 促 GP 隐 ee 
. 。 4ns, Function (and operators) can be“overloaded”in C++, 工 ee， 
Hovel trump; dentifier (or operator S boD can be used in the same scope as the name of 
ef ss titierent functions (or wa The overloading capability of C++ makes 
Imp.s 。 /1 和 ， ne 
了 人 /invalid moIe attractive as extensible programming language because it facilitates the 
n 


defines a sh takes no afgumL | use ofid 
Ratherthan resultingin two 名 wperks( ) that 


ee entifiers and operator symbols that are natural to the application. For 
Overloaded versions ofthe function thisrede | xxample 
hides the .base class Versi 


Tedefip 放 | comn ,Overloading allows conventional operator ee 
站 on that takes an int argument. In shomb eol P ex arithmetic operators which conform to mathema ical 
ER 人 of overloading. Ifwe redefinea 也 业 yatVerloaded functions (operators) with the same identifier (operat oOT 
same functi :人 《0eS not just override the base class declaration yy oD must have different “signatures”.A signature conslsts WA 

0D SIgnature, Instead, it hides all base class methods of te si (operator symbol) and an ordered sequence of parameter tyPeS、 ee 
Dame, regardless of the arguments signatures Bnatures 


are different if the function names (operator Symbols) are different 
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or if the corresponding parameter types do not match 
type name matches its definition,， an array type with 。 
without abound, and an array type matches 3 pointer 
elements and the object referenced by the pointer are of Sin， 
types are considered to be equivalent. yp 


。 5 | 
人 26. 于 jeot 好 Operator OVerloadi1tg 2 Zist somme orme 了 
eg1z 5e Operloaded a1ad 1iose Ticiz ca1z1z1ot De. CR.GPp PPeraton 1 


411S. Operator overloading ls an Important feature of is 册 
to attach additional meaning to operators relative to a class_W ndi 放 alloy， 
is overloaded, it gains an additional meaning relative to f 
used. The mechanism of giving Such special meanings to 
as operator overloading. 


The general form of an operator function is as follows _ 
return_type class_name : : Operator Symbol (argument list 


} 


Where refu_tpeisthetype ofvalue returned bythe specified open 
Symbol means an Operator Symbol being overloaded The word ee 
immediately after the scope resolution operator is the Teserved ee 
qualifies the symbol used. 击 

We can overload all the C++ operatorlisted in table4 

个 Dot operator (.) 

(GD Scope resolution operator (: 7)) 
GD Conditional operator (? :) 

(iv) Pointer-to-member Operator (.+) 
(V) Sizeof operator (Sizeo 有 站 


an 0 


WE 
an operatoris nt 
| 


) 


Function body ”Witask defined 


.1, exceptthe folowing、 


Table 4.1 C++ Overloading Oparators 


Operator Category 
Arithmietic 

Bit-wise 

Logical 

Relational 
Assignment or initialization 


Arithmetic assi ft 
Shi ES 


Operators 


Unary 
Subscripting 
Function call 
Dereferencing 
Unary sipn Prefix 
Alillocate and free 


十 ， 一 
new，delete 


LU /777 
太 节 OPErGIOF Oyerioadizg ;Catjjiendjisnnctionbersedipoveripatz 
1 


02X yopeErator 一 ?JUSN JoUr nswer 促 GPR 了 区 Dec 2003) 
| 85 ai Overloading - Refer to Q.26. 
押 Op 
119， 


r 


either by Va 


the 


bina 


.dfonction cannot be used to overload the asSignment operator = 

No， 1 d function can be used to overload operators but not all of 
u 屿 mentoperator 一 is one Such exception, because friend function 

多 ne argument for unary operators and two for binary operators 
function hasjnoiargument for unary operators and only one 
机 erators. This is because of the object used to invoke the member 
nassed inmiplicitly andtherefore is available forthe member 名 nction 
ion 1 not the case With_ friend function，arguments may be bassed 

lue or by reference. 


VE only 0 


28 JFNat are 厂 e HUESI211zitafio1s Jor oyerioading operators ? 
Rulssylimitatioms for overloading operators are as follows - 

全 Onlyiexisting Operator can be overloaded. 

后 了 re overloaded operator must have at least one operand, that is， 


IE defined type. . 
(而 “We cannot change baslc meaning of an operator That is， we 


78。 


not redefine the plus (+) operator to subtract one value from the other 


(iv) Overloaded operator follows the syntax rules of the original 


operators. They cannot be overridden. 


(vV) There are Some operators, that cannot be overloaded. 
(vD We cannot use friend functions to overload certain operators. 
For example， 


= Assignment operator 
〈() Function call operator 
[ ] Subscripting operator 
一 Class member access operator, 
However member functions can be used to overload them. 
CGviD *Unary operators, overloaded by means of a member 2 
eno explicit areument and return no explict value, but those overloaded 5by 


Teans of a friend function take one reference argument 


One expli 


huaction 


Ie 


Ci Binary operators overloaded through a meimber Se 
tw citargument and those which are overloaded through afrienc func 

9 explicit arguments. 
(ix) When using binary operators overloaded through member 
the left hand operand must be an object of the relevant class. 
Go Einary arithmetic operators such as 十 , 一 ， * and / mnust explicitiy 
value. They must not attempt to change thelr OWn arguments， 
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Se Unff-HM 7T78 
Tu CS Loadirrg 2 歼 7i ， 
ee -8Bma ,OPEratDP DOVerioadiS ”了 7ite a 红 strze 
人 @29. Nat are 纺 e 1i1zitatioms Or overioaded opera iorji neh 光 rt 一 zz mmetres，centioretrey any 7 ttr 
GE PrOSFG13 7 C++ 10 Overioad r1241J OPerator AS128 .jiendg 记 ons 2 用 乡 7g Jr di verloaded Operafors + amd - r addifiop 0 
(R.GP petion 次 Hi jaViB O (及 G 下 FJunre 2009 ee Sbt1ractzior 
dg Limitations of Overloaded Operator Functions R 200， jl 了 Or Lec. 2009， 207 入 
efert 帮 必 
Frogram 一 0Q2 |] js1a12Ce Cla33 it data mmemtbers jpor diy 
#include <iostream.h> JW1ie 4 15 lirzetres. THe class 和 iustbe pavinr CHCe 1 11zetrey， 
using namespace std; pfyeE 111 玫 nd su5tractio 帮 pecziver SOyerioaded OPDeratfors 
class space on raddi6i0m 4 ， 帮 (人 RGRP Dec 20719) 
: 4 一 rator Overloadingi- Referto Q.26. 
int X; 418 OPpe 
int y; 0granal 一 
int Z; 国 iiE <iostreain.h> 
public 全 distance 
void getdata(int a, int b, int c); 5 
void display(void)， | float metiesy centlmetres， maillimetres; 
friend void operator - (Space 久 S)，// overload ua， putlic: 
， /using friend 全 distance (float mm 寺 0.0, float cm = 0.0, float mm = 0.0) 
9 Space : : getdata(int a, int b, int c) 人 本 
Imetres 三 mm， 
X 二 3， celitimetres 三 cm 
生 机 millimetres = mm 
= ci ， 
void space : : display(void) void getvalue( ); 
{ void showvalue( ); 
Cout <<X<<“ ?”， distance operator + (distance d); 
cout <<yY<<“ ?; distance operator 一 (distance d); 
cout << z << "An }; 
} 了 void distance : : getvalue() 
space : : Operator -- (Space 久 S) { 
人 cout << \n Enter the values”; 
sy = 一 S.y: cin>>metres>>centimetres>>millimetres; 
S.Z 三 一 S.Z; 0 
} 性 vold distance : : showvalue( ) 
int main( ) 
1 <<metres<<“%m,”<<centimetres<<%cm,”<<millimetres<< mm ， 
space S; 
ss 2 3 ee distance : : operator + (distance d) 
SS la ); (stance temp， 
cout <<“S .> temP-millimetres =Imillimetres + d.millimetres， 
Sdisplay(); 让 ( 虑 centimetres 一 0; 
) returm 0;， { smp.millimetres > = 10) 
Output - CEmpmillimetres - = 10; 
S . 人 3 } mpb.centimetres 十 十; 
一 ] 2 _3 
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区 ~Bran 
temp.centimetres 十 = centimetres 十 dcentimetres. 负 
temp.metres = 0; 


这 temp.centimetres > = 100) 


temp.centimetres 一 = 100; 


temp.metres 十 +; 


} 


temp.metres 十 三 


returm temp; 


Imetres 十 d.metres， 


distance distance : : operator - (distance d) 


distance temp; 


temp.millimetres = millimetres 一 dmill 
temp.centimetres = centimetres -- 
temp.metres = metres -- d.metres， 


return temp;} 
void main( ) 


imetres， 
d.centimetres; 


distance d1, d2, d3， 


dl.getvalue( ); 
d2.getvalue( ); 


cout <<'n value of dl = 
cout << “nn value of d2 


d3 = dl + d2， 


”<<d1 .Showvalue( )， 
= <<d2.showvalue( ) 


cout << value after addition 全 2 


d3.Showvalue( ); 


d3 = dl - d2: 


cout <<evalue after 
d3.showvalue( )， 


getch( ) 
} 


@.37. Exp1aimo 


Peratoroverioadirg 7 于 E ZDazPpLe11zeratatiomzofcomp 取 
72U111Der Cd it TI11EeFIC 


CQ11G dpisio7z 


41S. Operator Overload 


Program -- 


Subtraction 一 "， 


OPerQHoms addifiomz 5SEBtractiomz muitplicoton 
(RR.GPZ Jre 2 咱 
ing - Refer to .26. 


##nclude <iostream h> 


class complex 


pnivate: 
float x，y， 
public: 
complex( ) 


Un - 有 


区 本 


机 d getdata( ) /read complex number 
V 
cout << "Real Part ?2"; 

cin >> 芭 ; 

cout <<“JImag Part 22; 

cin >> y; 


d outdata (char*msg) /display complex number 


{ 


cout << endl << msg; 
6COut << “CC << Xi; 
cout 二 一 号 1 二 一 y < < 7”; 


complex operator + (complex C2); 
coOmplex operator -- (Complex c2)， 
complex operator *# (complex c2)， 
complex operator / (complex c2); 


/Addition of complex numbers 
complex complex : : operator + (complex c2) 


complex temp; 
temp.X 三 X 十 c2.X; 
temp.y = y + c2.y; 
returmn(temp); 


/Subtraction of complex numbers 
complex complex : : operator - (complex c2) 


complex temp; 
temp.X 一 X 一 C2.Xx 
temp.y = y 一 c2.y; 
Teturn(temp); 

} 
/Multiplication of complex numbers 
complex complex : : operator * (complex c2) 


complex temp; 
temp.x 一 X 站 Cc2X 一 多 c2.y; 
temp.y 一 X# Cc2.y 十 多 半 C2.XI 
Teturn(temp); 


781 
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38 CS.8 
WDivision of complex numbers ao 
complex complex : : Operator / (complex c2) 
complex temp; 
旭 oat qtft; 
qt=c2.X*Cc2XT 二 C2.y* C2.y; 
tempX = (X ” Cc2X 十 y * c2.y)/qt: 
temp.y = (yc2X 一 X* C2.y)/qti 
return(temp); 
} 
int main( ) 
complex c1，c2，c3; 
cout <<"Enter a Complex Number cl <<endl 
cl.getdata( ); 
cout << "Enter another Complex Number CS2.… "ccen 
c2.getdata( ); 
cout << "Entered complex numbers are 由 
cl.outdata("cl =); 
c2.outdata("c2 = ); 
cout << endl << "Computational results are ." 
c3 = cl + c2; 
c3.0utdata ("c3 = cl + c2:; 
c3 = cl -- c2， 
c3.outdata("c3 = cl 二 ic2:" 
c3 = cl *# c2; 
c3.0utdataC'c3 = cl1+C2:); 
c3 = cl/c2: 
c3.outdata("c3 =icl/c29; 
return(0); 
} 
bb 孚 


纪 32. Create a class FILO4T7 tat corztaizzs ome JIoat dot 了 
Overioad al tpe Jprur Critpzrzetic 


objects or FIO4T (KR.GRR 
dxzs. Refer to Q.31. 


友 串 
Operators So tat 上 ep ca1 训 
汪 [4 


UnH- AM 783 
0 六 态 e coO7CepPt 1 operator oyerloading. 11ustrate operaior 
少 了 “co1zcate1108 S177118S. (RGRK，Jzrre 2077) 
Hg 1 ce r Overioading 一 Refer to Q.26. 
六 ww OPe 
119, 


4 
pro 中 <iostreamh> 
区 namespace std; 
jinclude <string /fr stepy( ), streatl ) 
Hinclude <stdlib.h> /for exit( ) 
cjlasSs string 
private - 
enum SZ = 80}; / size of string objects 
char str[SZ]; /holds a string 
Public : 
string( ) // constructor， no arBgS 


{ strcpy(str““)j 
string(char s[ ]) 
{ strcpy(str S); } 
void display( ) const 
{ cout << stc } 
string operator + (String SS) const 


{ 


// constructor, one arg 
/display the string 


// add strings 


string temp; 

if (strlen (str) + strlen(ss.stD) < 人 
{ 

strcpy(temp.str，str); 
strcat(temp.str，ss.str); 


} 


中 39 1 1 ， 
{fcout << “en string overflow ;ext (Di 


return temp; 


} 
】}; 


int main( ) 
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string S] = “mnMerry christmas !”， 
string S2 =“Happy new year !”，; 


. st 1 
string S3; / uses 二 
sl.display( ); hh 
S2.display( ); Play Sin 

s3.display( ); 

S3 = S]l 十 S2; 
// add 网 外 | 
， 。 asSign t 
S3.display( ); /各 
cout << endl， pl 

return 0; 
} 

Q@.34. 有 Hzat zs Jaaction overloadinzg 2 厅 om PoUmaorpPism 愉 acjie 
8 anctior overloadirzzg ? 则 


(RGB 了 Jane 4 内 


41ts. Function overloading is a mechanism that helps us to get compk 
ttme polymorphism. It means one interface and many methods. 


When we overload the function， we can use the sam 
create functions that perform a variety of different tasks. Thi 
C++ permits the use of same name by two or more functig 
of their arguments differs or number of their arguments 


e function namef 
sjlsposSiblebeca 
ns, providedtheth 
difiers or both i 称 

A fbnction can be overloaded by declaring and defining allithe requinl 
Versions. The compiler selects the correct vergiia based on the number al 
type of arguments used at the time ofifunction cal 


Q@35. 1atismaetpod Oyerioadi1tg 2Give 次 adyvanatases 识 objiectorial 
PDTOSra12112128。 (GPR 隐 Jone 涡 


411S. Method OverloadingE Referto Q.34. 


| 
Advantages of Method Overloadinmg - The advantages of 
overloading are as follows - 


df 
多 区 helps to make progiams code more readable and 
standable. 


(区 Debugging of code is Very Simple. 


攻 
和 ;nnamt 
《iD Programmer does not need to use different functior 


the same operation 


(iv) Code can be easily maintain . 


Un -人 V 7165 
1 季 1zietPod overioading 
0 


” 殖 jat are Ine ip1Porta1t pozpa1 
下 
4 on 一 


10Kem care Oo mile Overioading maethods ? 


(R.GRF， .Juzre 2009) 
Wetio d Overloading - Referto Q.34. 
e 
1 


-tant Points that Should be Taken Care of while Overioading 
3 


Impo0 ie owing tfemarks can be made on function Overloading -- 


4$ 四 
Wethod The use of moie tham one fufiction with the same name， bnut 


different actiofis should be avoided. 
1 1 
javin8 


.,、C++ does not permit overloading of functions differing only 
1 valueiIThe reason is that it is always the programmer's 
TI 


划 thei t or ignmore the Teturm value of a function. For instance, the 


hoice t inspeg 


ent 
FiintffeHello Guyshn ); 


information concerning the return value of the function print( ). Two 
FErintf ) which would only differ in their return types and hence 
10 ? 
生 are not distingujished by the compiler. 


(iD) Function overloading can lead to surprises, For instance, imagine 
te usage of statements 


Show(0O); 
show(NULL); 


Here, the zero could be interpreted as aNULL pointer to a cham， 1 
a (chary) 0，or as an integer with the value Zero. C++ will me 
fnction expecting an integer argument，which might not the wha 
USer expects. 


;1 9 do0 We 
037 jat do yor aeam By overioading or aaunrction : 1 
Me 碎 半 coOFceptl ? 人 


405S. Overloading of a Function - Refer to Q.34- 
WwWh 
hy this 
with di 


Se， 
en we use this Concept -- Function overloading ee ee 
， we can design a family of functions with one ie 
fferent argumentlist. The function wouldperform ditfere ft Wi to 
Psnding on the argument list in the function call. The ee uments 
下 called is determined by checking the number and type of the arg 

At on the function type. 


多 


OVerioadirzg， Fat 
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0.38. JIite 1jpe examaple of Jiarrctiom Overloading、 no 
.7315， 
/ Function volume( ) is overloaded three times 
#include <iostream.h> 
using namespace std; 
// Declarations (prototypes) 
int volume(int); 
double volume(double, int); 
long volume(long, int, int); 
int main( ) 
cout << volume(10) <<“n”; 
cout << volume(2.35，8) <<，“\n>”， 
cout << volume(100, 75,，15) <<“n?， 
return 0; 


// Function definitions }; 
int volume(int sS) / cube 上 


return(Ss # S * S); 


double volume(double pb int hb) / cylinder 
{ 


Ieturm(3.14519 * T* T * h); 
} 


long volume(long /int b, int h) / rectangular boX 
{ return( * b #* hb) 
} 


3 


纪 39 Fite a 2708ra11z Iadd 2 cormzpJeC 7zz1rz5ers ESEHS OPErt 


are 1je operators 1Rar ca1zrzot 5eiDVerioaded in CH) 


了 Dec ] 仙 
47xs. Program 一 ee 


#nclude <iostream.hs 
class complex 


private: 
float x，y; 
public: 040 
人 ) compare 
Las. 杖 


外 


Lit- 人 Vy 
void getdata( ) 
{ 梓 # 
cout << "Real Part ?2"; 
cin >> X; 
cout <<“Jmaginary Part 2", 
cin >> y; 


void outdata(char *#TTisg) 


cout << endl << msg; 
cout <<"( << xX; 
coit 一 一 世 < 二 y 二 一 7)”; 


complex operator + (Complex c2) 


complex complex : : operator + (complex c2) 
complex temp; 

temp.X 三 X 十 C2.X; 

temp.y = y 十 c2.y; 

return(temp); 


int main( ) 

{ 

complex c1，c2，c3; 

cout <<"Enter a complex number cl 
cl.getdata( ); 


cout<< Enter a complex number c2.…"<<endl; 
c2.getdata( ); 

c3=cl + c2; 

c3.outdata("c3 = cl + c2:m); 


ee 


"<<end]; 


Operators that cannot be Overloaded - Refer to Q.26. 


OSIrirz8s or cjass strimg。 


(R.GPF，Dec. 2072) 
nclude <string.h> 


nclude <iostream.h> 


Sass String 


757 


ws is .ierzd Jezactiomz prite Ga Progra11t 了 OVerload == OpDerator 0 
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an 
int leng; 
char *Pp; 
public : 
string( ) {leng=0)p=0;} 


string (const char 六 St); /create strine Rn 
string (Const String &st);)  // copy constuemm an 
~Sstring( ) {delete P;} destructor Q 


friend Int operator = = (const String Cst， ii 
friend void show (const String st)， string 


string : ; String (const char *#st) 


leng = strlen (stb); 
p =new char [leng+ 1]; 
Strcpy (p，St); 

} 


string : : String (Const string 儿 sft) 


leng = st. leng; 
p =new char [leng + 1]; 
Strcpy (p,， st p); 


// overloading = = operator 
int operator = = (const string 人 st const string 作 tm) 
int a = strlen (stp); 
intb = strlen (tm.p); 
这 (a = = b) return (]); 
else retur (0); 
} 


void show (const striag SH 
{ 


cout < < St. p， 
} 
Int main 

Strng sl == “Hemant"， 
string s2 = “Devesh>; 
string tl, t2: 

tl = Ss1， 

t2 = S2， 


了 


Lp - 放 759 


out <<sSnti=”; Show (tlD); 
couUt <<'ent2 = 一; Show (t2); 
区/ 


show (tl); 
cout < <“equal to”; 


show ( 归 ); 
| else 
show (t]; 
cout << “not equal to”: 
show_ (〈t2 性 
refturmn 0; 
} 


0 征 Create 4 CLLSS CQUed Lizzze hat jas separate ii Pie1zper detz /or 
Jes 1181 SeCO110S. CO11e COTIS1rUCIOF Should inifialice 1jis 如 0e7zt 
他， 7 流 OULL2NEIaLzze 玉 10o ixedvalreg 411zerjzper urctiorsHporlt 人 slab 
5 计 :1UM : 3 Jornaakl Tjie Jizral mmemtper jarction shor1d add 1yo 
or tie PaSSeC as CT7BLL117E111S。 
Or 
1ite CDProgra11z 12 Create qd Class 11ze coHtappipg data Houry， JPinates 
md SecO11dS， TVoW OVeFload 61pary 二 operalor sucj tjat JpOU ca1a add 1H0 
0bjecs of ie class 1izzze. Display 她 e added object 
Or 
Creole ua class 7TTN1E Create 了 Th 72 QH10 73 4 objecsg or TINME. Jitea 
CH+prograna io read tinae 7 amd T2 as PP 111z C120 35， 
jere ppaizadicales Porrs, 71271Dzdicatles711aizutesaHdssindicalesseconmds， 
ZWnme jz 7a11a aad SS a1z 1o 5e iiegers. ddd 1pese tizesy 7T1 and 72 and 
ore je resalt zz 1Doae 73. Priral 如 e vare or 7T3， (人 .GPR 及 June 20713) 
4ns，#include <iostream.h> 
class time 


int hr min， sec; 

public : 
time( ) 
{hr = 0; min = 0; sec= 0)} 
time (int h, int m, int S) 
{fhr = h; min = mi sec = S)} 
void display( ) 
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an 
cout <<“\n The time is >: 
cout<<h<< HH: ”<<m<<eW ， 
sse 
time operator + (time); ， 
} 
time time : : operator + (time tb) 


time temp; 

temp.Sec = Sec 十 tf.Sec; 

temp.min = temp.sec/60; 

temp.sec = temp.sec % 60; 
temp.min = temp.min + min + tmin， 
temp.hr = temp.min/60; 

temp.min = temp.min % 60; 

temp.hr = temp.hr + hr + thr 
return(temp); 


void main( ) 


time TI (6, 30, 45)，T2(2, 50, 35), T3， 
cout << “mn The time of T1 \n”; 
TI1.display( ); 

cout <<“m The time of T2 \m>”， 
T2.display( ); 

T3 = 了 TI 二 IT2; 

cout <<“m The time of T3 \ 苞 
T3.display( ); 


@42. 7s operator Overioadirzg good or ad 2 Comi71ze1L 
和 ， (RR.GR 及 Dec ] 册 


4ns. Operator overloadqing is Very useful (g800d). Operators sudh 8 了 
arithmetic operators +, -, * and /iave ce 请 记 fixed meaning to the compilr- 
they can be used with various numEfie data types such as int and fiott Hi 
create new data types for use in our Piograms, then we can als0 由 
Symbols to mean operations on our own data types， cven though the 和 
does not automaticallyrecognizethem This is madepossible in objectrorte 
Janguages by overloading the meaning of an operator so that its behaviod 
be polymorphic. 

Operator overloa 


Of 
ding provide ion for the creation 
definition for most of gp sS a flexible option for 0 


a 
the C++ operators. We can almost create aneY 
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”by the creative use of the function and Operator overloading 
We can overload all the C++ operators except few. The exciuded 
ichnigy 的 very few when compared to the large number of Operators 
perat0 lify for the operator overloading definition 
此 ,duUa 


wbic ator overloading extends the semantics of an operator but cannot 

svntax, the grammatical rules that govern its use. For example, the 

Lan 中 + Which has been overloaded to add two vectors can stil be used to 
》 


ato0 
8 


0.43.FNat do yoU meE011 负 太 ielnd Jaraction ? (RGPR Dec 207b) 


4 The private members cannot be accessed from outside the class 
unon-member fanction cannot have an access to the Private data of a 
0weveb there coUldbe a Situation where we would like two classes to 
particular function. When we want to access private data of a class by 
1 nction that is not a member function of that class. Then that function 
省 laration shoUld be preceded by the keyword jjienqd That function is called 
ie 三 Jrrxcto .| : 

Thusia friend which ls not a member of a class but still has access to 
private data of a class. Friend functions are mainly useful in operator 
Uverloading: 

We can declare this function as a jienra of the class shown as follows 一 

classABC 


也 


(85S， 


eeeeeeeeeeeeeee 


eeewneeaeeessese 


seeeeaeeaeeeee 


friend void xyz(void); Wdeclaration 
和 呈 
A friend functioh can access the public, private, and protected members 
ofthe classes。、 
. 吧 44. Dejirie Fierad aarrctiom Tite ua C++ code 1 如 denostrale HSe 路 
Jriend Junctiom 


4ns. Friend Function -- Refer to Q.43. 


Program _ The following program illustrates the use of a friend fanction 一 
#include <iostream.h> 

Using namespace std; 

class Sampble 
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Sranh 
int p; 
int q， 
public: 
void setvalue( ) 
P = 23; 
q= 40; 


friend float mean(sample S); 
hoat mean(Ssample S) 


return float(s.p. 二 S$.q.)/2.0; 


里 
int malin 
{ 
sample 0; /object 0 
0.setvalue( ) 
cout < <“Mean value = ”<< mean(0) <<“A\n?，， 
return 0; 
} 
Outpnut -- 


Mean value = 32.5 


@.45. 形 jat are Ijpe mterits azd demazerits o 太 ierialierrctio 训 ? 
.4125。 Merits - The merits of friend functioniaie as follows 三 
册 Friend functions can access theiprivateidata ofiother class, 
昌 (GD Itcanbeinvokedlike aiormmnal function withoutthe helpofay 
object. 


《in) It can be used to alter the values of the private members ofa 

class. But 让 Should be used When necessary- ， 
(iv) 鞍 friend function is called by reference, then the local copl6 

of objects are not made and the called funetion directly works on the ac 
object used in the call. 


(VD Itcan be declared either in the public or the private Dao 
class without affecting its meaning. 
Demerits -TIhe demerits of friend function are as follows 一 
GD) Lt cannot access the member names directly, declaral 
(人 Itis notin the scope ofthe class to which it has been 
as ie1Ql 


Gib It cannot be called using the object of that clasS， 
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STRINGS 


0 了 DiscrsS 衣 17zeys 厅 zz8: 
了 Astiiag 18 an atLay of characters. Any group of characters defined 
Ween double quotation marks is a constant string. That is， 
“Hello Woild” 
Character sttings are often usedto build meaningful andreadable programs， 
There aie Inany Operations that can be performed on character Strings 一 
人 Reading and writing strings， (ii Combining strings together, 
(ii Copying one string to another (iv) Comparing strings forequality. 
(w) Extracting a portion of a String. 
Astring constant is a one dimensional array of characters terminated by a 
mll(\07). For example， 
char name [ ] = 人 HA ES 和， 了 ，R 0 
The terminating null is important because it is the only way the functions 
tat work with string can know where a string ends. mm facb a string not 
trminated by as\O”, is not really a string, but merely a collection of characters， 
Ihis string can be initialized as follows -- 
charname[ ] = “HAESLER?， 
Here,\O0” is not necessary.C inserts null automatically. 


Q.2. Dejimre a class S1ijzzg。 Jse Overioaded ==OPerdtOr 10 coO111PDUre th00 
St8S Jp2 ipPe jeP CO 三 progST7aT111. (.GP 久 ， Dec. 2070) 

dns Class String -- Refer to Q.1. 

Example _ 


#inelude <iostream.h> 
include <Sstring.h> 


JSIng namespace Std; 
mtmain( ) 
{ 


String S1 CPQR): 
String S2? (SKYZ): 
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string S3 = S1 十 S2; 


anaj 
证 (s1 ! = s2) 


cout << “sl and s2 are not equal \m”; 
} 
认 (S1 > S2) 


cout <<“s2 is less than sl or S1 greater than s2， \n>， 


} 


else 


cout <<“S2 greater than S1 Nm ; 


if(S3 ==S1 二 S2) 
《 

cout <<“S2 is equal to S1 二 S2 AnNm; 
int X = Sl1.compare(S2 ); 


if(x==0) 
{ 


} 
} 


@@ 了 了 Explaip the stamdard 725rary strimzg Je1ze 丰 0178. 


cout <<“Ssl is equal to S2 \mn?”; 


41s. The C library supports a large number of String handling fonctim 
that can be used to carry out many of string manipulatioms， 

There are two groups of the String functions_defined in the headx 
<string.h>. The first begins with smid secbnd begins with me 

The most commonly used string 和 名 mctions are 一 


Strcat( ) Concatenates fWOLstr 遂 器 


strcmpt ) Gompares two stfiimigs 
strcpy( ) Copies One stfing over anhother 
Strlen( ) 


Finds the length of a string, 1 
亿 streat( ) Faepctiomr hs strcat( ) function joins two sm 
together The general form is 
Strcat (stringl ， string2); ;exec 后 
Here stringl and string2 both are character arrays. When strcaf 5 | 
strn 


82 is appendedto stringl. It does so by removing the null character 
of stringl and places string2 from there. The string at string2 remains u 
Here is an example of strcat( ) 一 
main( ) 


= 和 全 - 


8 facteT UD 
Whichever 


We, jatchingpairs of characters. The general form is -- 
dffrstng 


ec0 


Unif-V 7195 


6 17??- 
ha source[ 。 
artarget[30] 和 
C cattarget， SOUICe); ， 
5 刀 tf(en source String=%os ，SOUTrce); 


ptfCeen target string=”%os 测 target); 
pIT 


Ce S 1 
ef string-Hellofolks' 


1rcmtp() 下 Pet0O7E This 名 nction compares two strings to find 
人 8 
全 


they are sameilor not: he two strings are compared character by 
theT 
whe 


;| therelis_a mismatch or end of one of the strings, is reached， 
urg first 下 two strings are ldentical strcmp( ) returns a zero 

1 not: it Teturns the numeric difference between ASCII values 
fthey ， 


ingly string2); 
tc string2 may be String variables or String constants， 
1 of strcmp( ) function ls as follows -- 
main( ) 


{ 电 66 ?3。 
char stringl[ ] = “Jerry ; 


char string2[ ] =“Ferry”; 

int ijj,k; 

i = strcmp(string1,“Jerry ); 

j = strcmp(string1，string2); 

k = strcmp(string1,“Jerry boy”); 
printfesno%d%odo%0d” ij:k); 


The output will be 一 

0 4 一 32 
mm the first call, two strings are identical and ns ea 
nd both strings do not match, the result is 4， which 1 


ird call 

verence between ASCII value of J and ASCII value of ee ee 和 
La does not match with “Jerry boy”. So the retumed va 
”Value of null character minus the ASCIL value of space， 


j tents of one 
必 | Shin StrcPpJK ) 兢 rerrctior -This fonction | 
Ur 
soul IO another. The base addresses of tbe SO 


.Supplied to this function. fo 这 一 
ls function works almostlike stringassignment operator The geEneratfo 
Strcpy(stringl， string2); 
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1 j : Uni- V 
Iassigns ee 站 String2 may aa 012 OU de1izte aad assig7ma String objects ? 
array Variable or a String constant. San WE et 
For exampjle 一 as 少 ” Astring objec ents，creatin ee Wereht Ways, YOu can usea 
main( ) r With ee ne 下 ee You can also use a 
9 CO aU strnp c 
char Source[ ]=“sayonara ; 有 xgomejimited by double quotes， Object of string class 全 全 
char target[20]; da ther with a simple asslgnment oOBerator in String class. The program 
strcpy(target，SOUICe); 有 300 1ow show how to define and assign string objects - 
printf('Ansource string = %s”，source)， 久 E #include <iostream.h> 
printf mtarget string 一 ”0S，target; yinclude <string.h> 
The output will be 一 站 main( ) 
seaCaago ab 
(人 iy) strfe(C) Furciiom 一 This function counts the numberof String 3 勾 二 Policy ; /initialize 
present in a string. The general form is 一 oLcharaotn String ia3; 
n = Strlen(string); 13 3 /assign 
where n is an integer variable which receives the value of the length Cout Ra3 扣 << a3 << end/; 
string. The argument may be a String constant. The counting ends at 人 ,3 主 a3 攻 "is best"; 姑 E 
ee 5 ai 十 三 ja2; /concatenate 
example of strlen( ) function is as follows _ 0 "3 = "<<a3<<entd 
{ al.SwWap(a2); 
char arr[ ]= “Bamboozled””， cout <<al<< "is" << a2 << end/; 
int lenl, len2; 加 return 0; 


lenl = strlen(arr); 
len2 = strlen(“Humpty Dumpty”); 
printf( mstring = %s length = %d>”， arr 1EnT): 


总 


} 


The first three lines of code show three different ways to define object 
了 he first two initialize strings, and the third creates an empty string variable. 


printf nstring = %s length = % 时 “HumptyiDunpty len2); The next line shows the assignment operator. The overload + operator 
} tncatenates one String object with another The statement 一 
The output will be -- a3 = 83 + "is best"， 
ES 、 Bamboozled length 二 10 - paces the string "Honesty is best" in the variable 93. You can also usethe 十 = 
m th np Dumpty length sil3 of 业 Tenator to append a string to the end of an existing string. The statemen' 一 


Ist call to the functiomslywe arGDpassing the base address0 2 
stnng and function returns the 1 1 ing 放 t， ot count | 和 | 
区 5ad call 社 、j S the length of the String, 1 does Dn0 et sends a2, which is "Policy" to the end ofa3, producing the string "再 onesty 
Passed the address of the String and not the string 18e 人 Policy" and assigned it to a3. The member function SWap( ) exchanges 
C++ Stripg class jetter to C Ji1a8 clLQSS， values of 
7s. mn C+H you no ] ing an aay 
right si 7 onger need to worry abonut creating 


f 
闻 Q@6. Explair 民 
SlZe to hold string vari ， Verlog GT7aJ OF strirzgs。 _ 
ee ea 。 varlables. The String class allows the USe of oY /| ，、 dns Alist of names can be treated as a table of strings and a two 


two string objects and displays the output "Policy is Honest'". 


[ ， 
3 毕 tme ， 。 1 
asSS asSUme jibjli memoryIman nslon entire list. For exampile, a 
The CH Sting class salltheresponsibility for ingclag char al character array can be used to StoIe the 


s more efcient and safer to use than C St array student [30] [15] maybe used to store a list of 30 names, each 
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no Table S$.2 String Methods 


al 一 om 一 
、 


一 


5 TrCaSe; 
一 stoUPPe 和 9 & 和 As 


j = strim( 


oflength not more than 15 characters. A table of five cities js 


Converts the String S in lower Case 
Converts the string s in Upper case 
Modify allX with R 


Daejlete al white spaces at the Starting 
and ending of String S 


Changes the parameter value to String 


This table can be easily stored in a character arra 


y city by | 
”si 由 string ValueOR Larama er) 


ing declaration 一 
ee []T] 四 Tepresentation 
1 | ,indexOf (全 D) Allis place afternth position in the string. 
"Chandigarhv， 4 5 和 exOf (全 ) 人 are place at the first position in the 
"Madras ， 由 Strlng， 
Ahmedabad"， 证 toString 全 Creates a String representation of the 
"Hyderabad"， 员 object q 
"Bombay"” 国 gtring.ValueO 代 qd) Creates a strin g object of the 
}; parameter q 
To access the name of the 这 city in the list, we write 人 ssubstring(D 2Z) Provided substring beginning from nth， 
character up to zh (not involving zth) 


city[ 这 ]] 

and therefore city[0] refers to "Chandigarh"， city [1] referto "Madras' and fxi) 
on. This shows that once an array is declared as two-dimensional 和 
used like a one-dimensional array in further manipulation That is, the 庆 上 | 人 
can be treated as a column of strings. Ci 

@7 piat is tpe wse orstrinzg Du1jer classes ? 

471S, String buffer is used to create strings of flexible size which cank 
modified in length and content. A_ new String can be appenided to the enddf 
string and new characters and Substrings can be ingEfted in 廿 e middle oril 
requlre position between string. 


Iable S.1 String Buffer Method fr String Manipulation 


Provided substring beginning from nt 
character 

Concatenates s and sl 

了 Is =Sl, returns zero 

Ifs < sl, returns negative 

If s > sl, returns positive 

Returns the length (number of char) of 
String S. 

Provides nth character of s 

Ifs = sl, returns true 

Ifs= sl, returns true, ijgnoring the case 
of characters 


substring(D) 


s.concat(s1) 
Ss$.compareTo(S1) 


Ss.l]ength( ) 


(xivV) 


(xy) 
(Xvi) 
(vi) 


S.chartAtn) 
s.equals(s1) 
SequalsIgnoreCase (S]) 


&9 Jite Se1terally zsed st17i128 cO11S1UCIOFS. 
40s The generally used string constructors are shown in table 3.3， 


S] .SetChartAt(n,'A7) 
S1.append(s3) 

Sl.insert(n，s3) 
S1.SetLength(n) 


Replace the nth character to A， 
Appends thie s3 string to the end ofsl stmg 
Insertsthestrings3 atthestringslnthposttor 
Sets theljlength of the string S$1 to 上 
n<s1. length ( ) sl is truncated. 了 
s]1. length () zeros are added to 3 


Table $.3 String Constructors 


Itis used to create a String object from 


other string object， 
lt is used to create a String object from 


anull-terminated string. 
It is used to create an empty string. 


String(const String & stnD; 


和 8 Give the jisr of CO1Na111OTO MsSed S17i7zg 112e 纺 ods. Sting (const char *Str); 


i 0 
1 2 classhas multiple string methods which is usedto pe 
Imuitiple type of String manipulation tasks. 


String( ); 
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CI0 Gipe 胡 e jinrctio1s JP1icP 1 SupPportew PtPpe ring 

二 There are Several functions which is Supported by we 
人 apperdf) -Itisusedto append one string to 。 

( 芭 assig1n() 一 Itis used to assign a partial Stri 

(i 动 spap() 一 Itis used to swaps given strin 


fw) size() 一 下 retums the number of charac 


寻 
ng. sin 
ters in the 


(P) resize() -Itis used to modified the size of string w ai 
1 te 
fp replacef) -It is used to change defined character id 
provided string， Wi 


人 让 isert() 一 直 is used to inserts characters at 
(Pi maaxc_ Sizef() -ILis used to provide the 
string object in a give system. 


(zeo) jipzdf) -Itis used to searches for the 
Substring. 


given Position 
Imaxlmum Size of 


Occurrence of a de 


Ce) erase() -Itis used to delete define character 
Ca end() -Itis used to returns a reference to t 
(x 友 emapt() 一 Itis used to returns true 证 String ji 
(xc capacib(O) 一 Itisused to know the capacity 
Cai) at) 一 is used to obtains the character from S 


he last of a sting 
Sempty else ls 
of provided string 

pecified locaiioi 
a String. 


few) beginzf) -Itisusedto 


returns a reference to 世 e beginiing of 
the string. 


CT BEom can ie create S17ri118 0ODjects ? 


417?8. There are Imultiple way to create stringiObjects 一 


String S; // By a constructor 况 ith nojarguniiit 

String S(“xyz7); / By a construetor 而 生 One-argument 
= S]; // String objeets assigned 

SZ 一 “xyz”+S1 / Concatenatifnig stfiiaigs 

cin >> S]; 


/ Assiagaing through Keyboard 

/Assigaing through keyboard a line of text 
an be coficatenates by the overloaded + 人 
append a stringlto the end ofa string, For examp 

MsS2=s2+Sl 

/ S2 = S2 + “abc” 


>> 引 
To manage input and output of string object, the operators << and 
Overloaded. For exXample 一 


cin >> S1; 
cout << s];， 
gctline (cin, s])， 


getline (cin, s)， 
Two strings objects c 
十 三 Operator is also used to 
S2 十 = S1; 
S2 十 = “abc” 


/ Input to String object 
/ Represent the contents of ] 
/ Reads embedded blanks 
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CC12 JE 112G12PDMiate strirzg opject ? 
2， are several way to manipulate content 
er 
4d19. lace( )， erase( ), append( ). 
Tep 
e[ )， 四 一 
rogrde <iostrearmmh> 
刘 nrlude <string. | 
0 namespace Std; 
It main 人 ) 


{ string s1 (01234 
string S2 (pqrst 让 1 
out <<“Strlngs areamn ; 
C ut <<“S 呈 一 一 < fn ; 
2 t <<“S2: "<< S2 天 < nn'， 
oo << Put S2 inside S1 \n"， 
insErt (3 纪 s2); “ 辣 
5 林 - No S1 1Ss: " << S1 << "my， 
af << "Characters from S1 \n'"， 
人 人); 网 
5 "Now S1l 1s: " << S1 << mn'; | 
区 < "Replace Middle 3 Characters in S2 with S1 \n'， 
replace (1,， 3，S1); 
<- "Now S2 1s: " << S2 << nn 
return 0; 


} 


Outpnut 一 

Original Strings are : 

S1 :01234 

S2 : bqrst 

Put S2 inside S1 

Now S1l is 0123pqrst4 
delete S Characters from S1 
Now Sl is : 01234 


Replace Middle 3 Characters in S2 with S1 
Now S2 is : P01234t 


Q.713. Give tpe ljist OFroperatlor Jpr string Object table 54 
47S. The list of operator for string objects are shown In .4. 


Table 5$.4 String Objects Operators 


EEC Operator Sy1117o1 


Operatlor Va11ze 


Assignment 

Concatenation 
Concatenation asslgnment 
Equality 

Inequality 

Less than 


of string object like 
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-Ban 


Less than or e 

ual 
Greater than 
Greater than or 

e 
Subscription 
Output 
Input 


(vi) 和 


CI4 Fom c11 He CCCES5 CHdracters 177 S1ri129S ? 


dg There are several way to access characters in strin 

class uses following method for thlis purpose 一 

们 eat) 一 Itis used to get a character 

(iD) Suwpstrf) -To retrieving Substring like “abec， 

人世 Jiad() 一 Itis used to Search define Substring 

人 Gyw) jind_1ist orO 一 Ltis usedto search the place of first o 
of the define character (S) 

人 ) jird_1ast_ oO) -Itisusedto search the place oflast occ 
of the define character (S) 


， EXCEPTIONAL HANDLING 


@.15. 有 pat is exceptiomz 2 


CCurenee 


UIrenee 


411S. An exception ls an abnormal condition that arises in a codg Sequenee 
at run-time. In other words，exception ls a run-time error -When the Jan 
encounters an eITOr Such as dividing an integer by zeroy it creates an exceptiai 
objectand throws it. Ifan exception object is not caught aimid handled properly 
the interpreter will display an error message and terminate tbe program. 
@.I6. Expicim thie exceptiop tpes. 
41zS..All exception types are Subclagsses_of thelbiilt 这 class Toywaj 
Thus,，77jrowapje is at the top of the exceptioin class hierarchy. Immediatel) 
below 7jprowapje are two subclasses that Partitiomiexceptions into tw0 distindt 
branches， One branch is headedby Eeeptiom This classis used for exceptiond 
conditions that user programs shoUldcatcHiIhis js also the class thatyou 册 
Subclass to create your own custom exceptiom types. There is an imporer 
Subclass of Exceptiomn called Rarz1ireEXEeptiomz. Exceptions of this BF 机 
automatically defined for the programs that you write and include tbing 
as division by zero and invalid array indexing. 
The other branch is topped by 囊 ror, which defines exceptions ta 
not expected to be caught under normal circumstances by yOUT r08 
Pxceptions of type 丽 ror are used by the Java run-time system 本 
0 


erTrOrs having to do with the run-time environment, itself Stack ovVe 
example of such as error, 


hs String 


| Jo Ciye exa111DLe. 


Exceptiorz 7Pe 


Lp -W 203 
| showsa partial class hierarchy for exceptions. 


了 ET 
ET 


nd Jnterrupted 由 RuntimeException ThreadDpeath 
CassNottiom ThreadDeath 
Exce 


IlegalAccessExcepE on 
IndexzOutOfBound 11 NulPointer JegalArgaumant 
卫 xception Exception Exception 
StringIndexOutOfBound NumberFormat 
卫 xception 卫 Xception 


8. 5.7 Exceplior Erierarcjy 


ArrayInidexOutOfBound 
Exception 


0I7 List djerert exceptiors ae/zzaed za Java. 

Or 
List somae ortPe 1zost coO11111101E 有 peS OFexcepfiors 1iatmiBHEOccrr 六 
(RCR Dec 2073/) 


41s. Some common exceptions are listed in table 5.5. 
Table S.S Common Java 了 Exceptions 


Carse or Exceptio7m 


Caused bymath errors such as division 
by zero 

Caused by bad array indexes 

Caused when a program tries to Store 
the wrong type of data in an afTay 
Caused by an attempt to accesS 8 


nonexijstent file 


ArithmeticException 


AmayImndexOutOfBoundException 
ayStoreException 


FileNotR oundException 


eeption Caused by general IO faitures, such 
Nullp ， as inability to read from a file 
PointerException Caused by referencing a null object 
SFormatException Caused when a cOnVerISIOD between 


strings and number fails 


8 国 
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SS 


OutOfMemoryException Caused when 俩 Eva 


人 的 allocate new 、 en 
en an applet tri 

an action not allowed b 
Security setting 7 meb 
Caused when the S 
Stack space 
Caused when a Program 
accessS anonexistent C 
in a String 


SecurityException 


Sta KkOVe F owException 
DfS 0 


ut 


一 


StringIlndexOutOfBoundsExceptio 


aaracter post 
si 


attempts 
者 


QI18. Explaizz adparitage O1 exceptiom FTom exceptiony 局 
Crealedg ? (RGP as 0 

ds The main advantage of exception handling is to ER 下 2014 
flow of application， Exception normally disrupts the normal f 
application that is why we use exception handling. For example 

Statement 1; 

Statement 2; 

Statement 3; 

Statement 4; 

Statement 5; 

Let these five statements in your program and there occurg 于 6EXCcebtim 
at statement 3, rest of the code will not be executed. 下 we pErform excepiii 
handling, rest ofthe statement will be executed. 


Although Java'?s built-in exceptions handle most comimon errorS youwil 
probably want to create your Own exception typestohandle situations speci 
toyourapplications. This is quite easyto do 二 just defineaisUibelassofexceptim 
Yoursubclasses do notneed to actuallyimipleinentaiything 刘 js their existen 
Im the type system fthat allows you to use 全 emias exceptions. The exceptn 
class does not define anymethods ofits ow 寺 It d6es, of course, inherittms 
methods provided by Throwable. Thiis;i all exceptions, including tbose 同 
you create, have the methods definad by THiowable available to 了 bem 


he normal 
0w of th 


双 79 Hite sjport mote om exceptig 记 Ha1zdl1zag 太 .Java 
有 GPR 隐 
人 II exception is not caught and handled properly the 0 
Program Re message and will terminate the program， ee sh 
人 nue with the execution of the remaining code， then We 和 
Ne eXception objectthrown bytheerrorcondition an0(5 ， 6 9 
Excep 相 FDae Inessage for taking corrective actions. This task 1 
PHO7 Ha1nad1i7zzg. 


8 
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拓 丰 1 PaIPOSe o ExCepEOP Padliprg ? 
OECD handjing mechanism is to provide a means 
port an exceptional Sircumstance So that appropriate action 
emechanism SuggeStS InCOrporation ofa separate erorhandling 
arms the following tasks -- 

Find the problem (CEit thejexception) 

Inform that an eITOT has occurred (THjrow the exception) 
Receive the efrror information (Catcen the exception) 

Take corrective actionsi (7a7iale the exception) 

handling code basically consists oftwo Segmenhnts, one to detect 
w exceptions aiid to take appropriate actions. 


(iv) 
eeITOT 
1 to thro 


8 1 
if 10ia e DGSIC CO71CEBDL Cj exceptiof hanrdling xsinrg 1 amd 


21. ED 


fo gt01E1HtE 1 . 
切 4 The basic concepts of exception handling are throwing an exception 


dcatching it This is shown in fig. $.2. 
Kevword try to 
Jav 本 05eSja “六 try Block 
Statement that 
Causes an Exception 


eface 3 blocK oficode that is likely 
[ 和 全 
和 condition and 

catch Block 
Statement that 
JHandles Exception 


民 Ow” am Exception. A catch block Throws 
CatcP Exception 

6000g 和 2 Bxceptiom FanqUing 

JIMHecHpaztism1p 


Exception 
Object 
Creator 
defiied by the keyword 0 
Witclhes” the exceptlon 态 roW7 by 
the ftry block and handles j1t 
appropriately. The catch block is 
idedimmediately afterthetry block. 
Thefollowingexample shows the use 
dfsimple try and catch statements 一 


Exception 
Handler 


esseeeeeee 


statement; /generates an exception 


(Exception-type e) 


Statement; //processes the exceptioni 


人 
四 


s that could generate an 


theremaining statements 


WA 1 block can have one or more statement 


ption 下 ception 
ithetl any One statement generates an 6 ption， 下 亿 二 入 Ge 
ne nlock are skipped and executionjumps to the catch bl9 


the try block. 
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CS- 
The catcpmn block too can have one or more sta 8na 
tement 胃 a stack is called 
to process the exception. Every 1 statement s S that ving forma a a pop). At this noi 

one catcjp statementb otherwise compilation ay be followete necs 本 (em hodl( ). Thls make sense. Because 的 证 人 
The catch statement is passed a Single para will Ooccur by 让 网 和 is me rogramn control returns to method1( ) when ed from 
meter，which ， | hodl ), 工 1() returns， it get popped from the stack 人 ee 
gonliy malnt ). 


hod 人 


the exception object thrown. 下 the catch paramet 8 
P eter matches 优 me stack trace worIks and the execution by using stack j d 
1S execufed. 


5 1 Te 
exception object, then the exception is caught and sta itb an 6 
block will be executed. Otherwise, the exception is tements in wbpen | 人 iler strictly enforces thethrows specifiers. 
not caueh the of | The cormpP . Ifyou call a niethod 
exception handler will cause the execution to terminate Snt and ths 1 a checked exceptlon, you must either handle it or pass it on 
A progratm Shown below, the 多 thr0 2 
了 ea 本 use of try and catch blocks 由 证 庆 ich of the two is better : AS aigeneral rule, you should catch those 
wj to han dl ， jions that you know howito handlje and Propagate those that you do not 
人 to handle， When youjpropagate an exception may be thrown 
public static void main(String args[ ]) 有 okatthe Java APJidocumentation to see what method which exceptions 
ide weather YOU shouldhandle them or add them to throw list There 


en dec 。 
mbrassing aboUtithe latter choice. lt is betterto direct an exception 


int a 三 4; 

本 三 2 本 handlerithan to squelch it. 

int xy; please keep in mind that there 1s one exception to this rule if you are 

二 writing 汪 六 ethod tbat overrides a Superclass method throws no exceptions 
fuchias paintCompomnent In JComponent), then you must catch each checked 


exceptio 了 the method*s code. You are not allowed to add more throws 
icifiersito 3 subclass method that are present in the superclass method， 


0.23，ExPplazzmz Pe JoO1onrpirzzg ter7118 一 
全 THrom a1a excepliom  ( 动 Catcjizg Qi excepHioP 


人 2 TD aad catcP Doc 天 


X=a/(b 一 c); /Exception here 
人 e) 
System.out.println(“Division by zero7， 


y=a/(b +c); 
System.out.println(“y=” 十 y); 


(.GPF， Dec 2073) 
Or 


} 

} Expiaiza Re Jozrzzg 友 77118 一 

Output 人 THrom az exceptioP  ( 动 Cotcjing ga11 excep1ip 凡 
Division by zero (R.GPJ .Jazze 2073) 
y 一 1 4 食 THror az 开 xceptiom 一 


an exception is detected, 让 

人 using athrow statement 

wa block. Exceptions are 

Re y functions are invoked 区 
ithin the try block. The 人 
en which the throw is 舍 

1S called the throw point. 

the nce an exception is thrown 

tch block，control cannot 

in fig， throw point as shown 


@22. Descr 
Propasatiomz crzbe the comcept_or stack 5as EXecutiO7 C11d excepll 
411S9. A stack i 。 
like stacking ee Special kind ofllist (EIEOL_first in last out). Thinkoft 
last one that you pick 前 ?time The 看 rst one thatyou put dowaw 讶 be 也 
a stack of method call R Wen you are unstacking the pennies. Java mainta 
an example， 和 track the program flow 人 om method to method ,各 
Where methodl( ) is call ee methods， main( ), methodl( ) and Imetb0 人 () 
.ed 们 om main( ) and method2( ) is called from me 
the main( ) method ni am( ) method. When method1l() is ca 
ls called a push). Whe odl1( ) goes to the top of the stack (adding to 和 
pushed onto the Stack n method2( ) is called 人 om methodl( ) meb0 (， 
-When method2( ) completes, it gets remove 人 


Function that 
Catuses an Exception 


Invyokesa Function 
that Contains an 
Exception 


Catch Block 


Catches and Handiles 
an 了 xception 


this Ke Beneral form ofcode for 
of relationship is as Fig 53 Tjproming 011 开 xceptioP 
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了 二 ranayh 


fllows 一 
type function(arg list / Function with exception 


ee 


站 


se 


四 


ee 


ee 


esoeewasaseee 


和 


( 翅 Cetcpirg am Exceptiom -~ A catch bl | 
definition and is ofthe form - 9ck ooks Eeafiocin 
catch(type arg) 


/Statements for managing exceptions 


工 
he catch statement catches an exception wifiosE fype iatches with th 


type of catch 
eXecuted. Sument When it is caught 全 e code_in the catch blockh 


NM ] 
altiple Catch Statement 二 We can assocjate more than one catth 
Statements with a try as follows -- 

try 


{ 
/ try block 


人 1 areg) 
W catch blockl 


catch(type2 arg) 
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// catch block2 


e 
2 
罗 人 1 
罗 
二 
ee 


和 人 外 
家 遍 间 是 


t // catch blockN 
} 


When an exCEeption 1S throwE the exception handlers are Searched in 
for an appropriate match. It is possible that arguments of several catch 
ments match the fype Of an execution. In Such cases, the first handjler 
ni hes thelexceptiomitype 1S executed， 
Catchiall 卫 Xceptions 一 We can force a catch statement to catch al] 
yceptionS instead of a Certain type alone. This could be achieved by defining 
le caieh statementias follows 一 
catch(.… 运 ， ) 


Nstatements for processing 
/all exceptions 


} 


Itmay be a good idea to use the catch(,……) as a default statement along 
with other catch handlers so that it can catch all those exceptions which are 


| nothandled explicitly. 


Note that catch(.….) should be placed last in the list ofhandlers. Placing 计 
before other catch blocks would preventthose blocks from catching exceptions. 


( 翅 TD azad Cotcp_ BocF 一 7 bock 
Sa block of statements,， which may generate 


Try Block 


eceptions。、While a catcz 61ock catches the 5 Detects and Throws 
exXception th @R an Exception 
全 Iown by the throw statement in S 

避 ee and handles it appropriately. Fig. 志 人 
0WS try and catch block operations. 力 2 


Catches and Handles 
the 素 Xception 


人 Satch block which catches an 
人 must immediately follow the try 
aat throws the exception。 The Fig .54 To amd Catcp Block 


8ener 
fo al form of these two blocks are as 
lows _ 


和 
as 
se 
有 
ee 
。 


se 
9。 
ee 
ee 


210 Object oriented Programming & Methodology (W-Sem， ca 


二 机 相 司 棵 司 泛 可 本 昌 二 刘 让 四 是 委 电 昌 二 


throw exception. 


1 
asoeeeeoee 


/ blocks of statements 
// which detects and 
/throws an exception 


辣 滞 国 四 面 站 昌 丰 曲名 系 要 亿 生 而 二 外 
ee 


/ block of statements that 
/ handles the exception 


全 证 遇 旬 起 忆 四 生生 让 二 生生 入 才 利 生 丰 时 


evaeeeeeaeeesesee 


ee 


When the try throws an exXception, the program < ontrol ea 
block and enters in the catch block. Note, the exceptions are objeet 
transmit information about the problem. If the type of object Sa used tn 
the arg type in the catch statement，then the catch block is 
handling the exception. It they do not match, the program is 人 下 
abort( ) function, that is called by defanult. ed ly 

When no exception is detected and thrown, the control 
immediately after the catch block, and catch block is skip 


S the 区 


Soes tothe state 

ped. 

0.24. Dom do ye 1Se 11IUEPDLe catcP 51ock 2? 
Or 

Create at iock 1iatis Ket 1 加 gererale 夸 ree 


tpPes or exceplion ll 
1hemzizzcorPporate 11ecessa1) catcPm Docks ip catcPardPa 


11dle tperzz QPDPrOPriate 
414. It js possible to have more than one catch state 
block as jllustrated below 一 


eeee 


ments in the catwh 


[人 


statement; //generates ai exception 


人 e) 


statement /procesSes eXCeption typel 
en(Exeeption Type-2 e) 


Statement; /processes exception type2 


TOPxception-Type-N e) 


Statement: /processes exception type kN 


eeeegaos 


We 


nexception in atry block is generated t 
When 8 ts like cases in a Switch statement， 


The 有 

erne 。 Irst statement 

山 ctat matches with the exception object willbe executed, and the 。 
站 

8 人 


E， 

will skipped. 
sa following program traps different exception types - 
0 erTOI 


he Java treats the multiple 


{ public static void main(String aregs[ ]) 
int a[ ] = {5，10 末 


int b 一 3; 
try 


intx=a[2]b 三 af[l]; 
有 e) 

System.out.println("Division by Zero")， 
doxouwiompoundsEucenton e) 

System.out.println("Array index errory; 


} 
catch(ArrayStoreException e) 


System.out.println("Wrong data type); 


1 y=a[l]/a [0]; 
) System.out.println("y=" +y); 
} 
Output 一 
array index error 
y=2 
@25. atis Jizal1p 51ock 2 Ferzand How 这 人 xsed 2 Gine asSuifable 
Sozple. 
人 When exceptions are thrown,， execution in a method ee 3 ee 
nonlinearpath thatalters thenormal flow through the meth 册 
nth the method is coded, it is even possible for an exception oa 下 
samnl 二 return Prematurely. This could be a problem mm some me 和 网 
wii % 了 La method opens a file upon entry and closes lt upon ee 
handlin Want the code that closes the file to be bypassed by tne 人 
mechanism The jzrajjkeywordis designedto addressthis contitngency. 
妆 


ambl ay createsa block ofcodethat willbe executed aftera 1 轨 VcalcP | 
"edand before the code folowing the 1DVcalc/ block The jipnajp block wi 


8 罗 
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execute whether ornot an excepfion 8 thrown. 开 an exception is thro 人 
block will execute even 让 no catcj statement matches the exception ol 
method is about to retum to the cajler 他 om inside a 加 Vcatcz block ; tne 
uncaughtexception or an explicitreturn statement， the Jipa11 clauseis also。 
just before the method retums. The jzajt clause is optional. Howeve ecutal 
statement requires at least one calcPp or a jizzal1y clause. :ah 加 
An example program is Show below that shows three method 
none without executing their fpra11j clauses ， ” that it 


反 


ct Orientea Programmjng 有 Metnoc2 09y (W-Sem， CS-Bn 
nch) 


in various WayS， 
class FinallyDemo { 
static void procA( ) 《 
区 ER 汪 
System.out.printlin("inside ProcA ); 
throw new RuntimeException(' demo”); 


+ finally { 
System.out.println("procA's finally”); 


} 
static void procB( ) { 
ty 
System.out.println("inside procB'); 
Teturn， 
} finally { 


System.out.println("procB's finally; 


} 
Static void procC( ) { 
try 【 
System.out.println("'inside procC'")， 
} finally { 


System.out.println("procC”s finally 少 ; 


public 二 void main(String args[ ]) {《 
try. 


procA( ); 
上 catch(Exception e) { 
， System.out.println("Exception caughtm; 


procB( ); 
， procC( ); 
} 


1 

于 Here, proc4(O) prematurely breaks out ofthe tbythrowingam excep 和 
ie jipa10y clause is executed on the Way out. ProcB()53 好 Staterne gf ) 

exited through a 7etrz statement The Jpral1ty clause is executed before L 


pr 
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EC 方 the zy statement executes normall 


till executed Y without error However， 
S Sti 


D 忆 队 
fipally 


-一 


E [ 
Outpa ide ProcA 


i 
As finally 


Exception caught 
inside procB 
rocB's finally 
inside ProcC 
procC s finally 


3 Exkplaz7za zt1zrom State11zzeFtDIbzt Sreita5re exG111DLe. 
41g. ]t 1 possible for your piogram to throw an exception explicitly， 
jprow statement，Ihe general form of 加 row is shown below 
throwiThrowableJInstance; 

Here， Towwap/e1zstance must be am object oftype 7Tjrowable ora subclass 
下 TJrowable. Rrimltive types， Such as If Or char, as well as non-Throwable 
lasses SUuchijasS 9177728 and Opjeck cannot be used as exceptions. There are 
wo 届 ays you can obtain a throwable object - using a parameter in a calcp 
causeiOT creating one with the zew operator. 

Theiflowi of execution stops immediately after the throw statement. Any 
bsequent statements are not executed， The nearest enclosing tm block is 
inspected to see 计 让 has a catch statement that matches the type of exception. If 
itdoes find a match, control is transferred to that statement, Ifnot, then the next 
enclosing 思 statement is inspected, and so on, 玉 no matching catcjp is found， 
then the default exception handler halts the program and prints the stack trace， 

An example program is shown below that creates and throws an exception. 
The handler that catches the exception rethrows it to the outer handler 一 

class ThrowDemo { 

static void demoproc( ) { 
ty 《 


throw new Null]PointerException("demo"); 


uJ08 the 


catch(NullPointerException e) { 
System.out.println("Caught inside demoproc. ) 


throw e， /rethrow the exception 
} 
public static void main(String args[ ]) { 
try { 
demoproc( ); 
} catch(NullPointerException e] 
System.out.println("Recaught :”+e); 
) } 


多 书 
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S-Br 
The above program gets two chances to deal with the anch 
mail) Sets up an exception context and then calls aejn Opjon 
method then sets up another exception handling context 0 
anew instance of Nu1LPointerExcepliom which is me 
exception is then rethrown， 


aught on tha 
Outpnut 一 

Caught inside demoproc. 

Recaught: avalang.NullPointerException:dema 
0.27. Expiaipn 太 roms clause ip a suitaple examaple 


41as. If a method is capable of causing an exXception 
handle, it must specify this behaviour so that callers of th 
themselves against that exception. You do this by includi 
the method's declaration. A 1prows clause lists the type 
method might throw. This is necessary for all except 
type ErororRuntizzeExceptior, orany oftheir subclasgs 
that amethod can throw must be declared in the 太 ro 
acompile-time error will result. 


This is the general form ofamethod declaration that includes atjrovws clausg_ 
type method-name (parameter-list) 态 rows exception-list 


diatsty tt ) 
next lins 下 
人 


that it do 
emethod can gu 
ng a tjrow' ca 
S of exce tions 
lons， except thoss 
es.Allother exXception 


WS clause. 开 f theyare ho 


ee 


Hbody of the method 
} 


Here, exception-list is a comma- 
method can throw. 


Following is an example of an incorrect prograiailthat fies to throw 
exception that it does not catch、BeCause the Programl does not specify 
hjrows clause to declare this fact, the piogram willinot compile - 

/This program contains anierror and will not compile 

class ThrowsDemo 


Separated list of the exceptions thats 


Static void throwOne( ) 


System.out,Println 


(TInside throwOne.7); 
throw new lllegal 


AccessException(“demo”); 


public static Vo 


id main(String args[ ]) { 
throwOne( )，; 8 args[ 
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本 example compile, you need to m 


ake two changes. First， 
To mna declare that ipProwOmer) throws LiegaldccessExcepfiom Second， 
Uneed W jefine a 1Vcatcp statement that catches this exception. 
和 人 noW COITect， 
/ss ThrowsDemo 
5 


. void throwOne( ) throws HlegalAccessExcention 
em-outprintint^Tnside iowOne.): 


Throw newW JllegalAccessException(“demo): 
ft 


} blic static void maia(String afgs[ ]) { 

t 
throwOne( ); 
catch(JllegalAccessException e) { 
Systemuout.pTinatin( Caught" + e); } 


】} 


} 
Output 一 
工 throwOne 


caught java.lang.IllegalAccessException:Demo 


0.28. Tite CPrOS7G112 1 de112011S1Tate “adexOUOHBorndsExceptiom2 
。 class EXc 
证 public static void main(String args[ ]) 


try 


int a 三 args.length; ， 
System.out.println(“a =”+a); 


int b = 42/a; 
intc[]={f113; 
c[42] = 99; 


catch(ArithmeticException e) 
System.out.println("Divide by 0:” +e); 

} 四 

catch(ArrayIndexOutOfBoundsException 6) 


.3 十 
System.out.println(“Array index oob : 6) 


} 
} 


i ion 许 it is started with 
nis Wi jivision-by-zero exception 1 
hoc program will cause a division-by 
yu pr 


ivethe divislon 
and line arguments, since a will equal zero. Lt ee ee ae 
Qvide a command-line argument, setting q to S 
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zero, But it will cause an ArrayIndexOutOfBoundsExce ranoh 
array c has a length of 1, yet the program attempts to 9 册 she 
V ， 
Output 一 alus qi 
C:v>java Exc ] 


a=0 
Divideby 0:java.lang.ArithmeticException :/by zerg 
After try/catch blocks. 
C:\> java Exc TestArg 
一] 
Array index oob : java.lang.ArrayIndexOutOfB。 


undsE 
After try/catch blocks. xception ， 和 


@29. 17ieacless 二 atHFeeps arm1aizg 1otzl1 OFa1/ cAaractery 
证 (ome Qt Gd 太 11e) QHG 态 rOHS G1E exceptiom 洲 这 站 Dassed w 0 
chpareactem jieh 


11S。class 人 


public static void main(String args[ ]) 
{ 
int count = 0， 
char c =“y”， 
while (c== 


try 


System.out.println("Enter a charactery: 
str = args [jj; 


(ArrayStoreExceptionle) 


System.out.priiitlmiG"You entered a non-alphabeti 


character) 
continue， 


count = Count sl ， te 由 
System.ouft piintin(wYou wantto enteranothercharactl 


1 直 
System.out.println("Total no. of characters passed +cou 


} 


， 1 
乙 30. 帮 jat are assertiopg CE10G Po does 1pe Java di E1 人 
Cisa51izzg orassertions ? 


. ， 8 1U8 
475. When Implementing and debugging a class, it is sometimes | Thes 
state conditions that should be true at particular point in 3 metb0(- 


殉国 
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;tionS， alled aS3eT7fO13， help enSure a program's validity by catching 
undito te and identifying possible logic errors d 
nn and postcondltlons are two types (下 asse 
Jeon ions about a program Ss State when a met 
6 1 ? 
0 nditions ae asSsertions ee EPEogram s state after a method finishes 
gog 有 includes tWo VerS10nS 0 tae asserr statement for validating assertions 
matically. The aSSsert Statemient evaluates a boolean expression and 
po 上 ines whetper it 1S true OF false， The first form ofthe assert statement is -- 
eer asSSert expTesSslon， 
his statement evaluates ,Expressio7 and throws 
ii is false. Ine secondiformm is -- 
ep asSse7iexpresSslon1: expression2， 
This stateimnenteyaluateS expressioz7 and throws an dsserfiomnEyror with 
wyion2 as the erTOTimesSage 让 expressiom7 is false. 
人 exaimnple in fig. 5.5 demonstrates the functionality of the assertt 
ient ine 11 prompts the user to entera number between 0 and 10, then 
六 12 reads the number from the command line. The assert statement at line 
人 deErmineS whetherthe userentered a number within the valid range. Ifthe 
mmbeiiisiout of range， then the program reports an error, Otherwise the 
program proceeds normally. 


uring development、 
rtlons. Preconditions 
hod is invoked，、and 


an dsseriioPError- 让 the 


1 /Fig. S.S; AssertTest.java 
)，//Demonstrates the assert statement 
3 import java.util.Scanner; 
4 
5 “ public class AssertTest 
6 
] public static void main(String args[ ]) 
8 { 
】 Scanner input = new Scanner(System.in); 
下 3 
11 System.out.println(“Enter a number between 0 and 10:”); 
int number = input.nextInt( ); 
3 
14 /assert that the absolute value is >=0 
_Tnn。 ber'” + number; 
| assert(number >=0 && number <=10):“bad num 
?9 ber); 
人 System.out.printin(“You entered %dn ， num 
19 } //end main 
} 


l/end class AssertTest 


Enter a number between 0 and 10:S 
ou entered 5 


ee 2 number between 0 and 10:50 
“eption in thread <mainy java.lang.AssertionE 
中 AssertTest,main(AssertTest-java:15) 


JSe 
8. 5.5 Checking Pit dsserttnata 了 ne 站 5 让 训 玉 oa78 


rror: bad nuitmber;: 5f0 


sr 
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By default assertions ae disabled when Secuting a pro anoh) 
they reduce performance and are UnnecesSary for the ie 攻 
enable assertions at runtime, Use the Javacommand's -eac omma am S use ut 
To execute the program in fig. 5. with assertions enabled nd-line 
java -ea AssertJest ， ype m_ 
Assertion Enabling and Disabling -- By default assertions 人 


enable them by running the program with the -enableassertions (isbls 


、 Or ed Yu 
java -enableassertions MyYApp 人 option、 
You can even turn on assertions in Specific classes or in enti 
e 
For example 一 packags 


java -ea: MyClass -ea : com.mycompany.mylib..M 
This command turns on assertlons for the class MyClas 
in the com.mycompany.mylib package and its Subpackages. 
turns on assertions in all classes of the default package. 
You can also disable assertions in certain classes and 
-disableassertions or -da option 一 
java -ea: .…-da:MyClass MyAp 


yApp 


S and al clas 
The option 人 


Packages wibh 由， 


@.37. paatis exceptiofa padlirg 2 再 om 好 这 dorze 2 115ite Q&Progreni 

CH+ tat iustrales ie excepliom PaTaG1ir8 PaecHa1zisrzz or C++ 。 
Or 

玉 jaat 88 exceptiom ja7dlizz8g 2 THe azzy ofe exa1aipiaDshon 员 

exceptior ad Mo ca1z He ja1adle 这? (RGPF Dee 201f 


471S. Exception Handling -- Refer to Q.19. 


C++ Program - The following program illustratEs exception handling 
mechanism 一 


芍 nclude <iostream.h> 


using namespace std: 
int main( ) 


int a, b; 
cout << "Enter values of aand bn”， 
cin>>ai 
cin>>b， 
intx=a 一 b， 
try 
{ 
这 xl! = 0) 


cout<< Result(a/x)=”<<a/x<<ewtm; 
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Else /There is an exception 


throw(x); WThrows int object 


} 


LN iD /Catches the exception 


cout<< “Exceptionm caught: X= <<Xx<<em， 


<<eEND 沁 
return_ 0; 

} 

INTRODUCTIO 


NOFE MULTI-THREADING 9 
和 “COLLECTIONS ATA 


3 
村 


&32， 了 ite ort 1zote 07 胡 reads 态 Java. 
Or 

肌 p1aim 1Preads za ,Java PrograrTz7127729， (R.GP FJare 2075) 

WAthread is similarto a program that has asingle flow ofcontrol Ithas 


jbeginning, a body， and an end, and executes commands sequentially Every 
员 gram will have at least one thread as shown in fig. .6. 


(RGBPFKE， Jre 2070) 


cjass ABC 


Beginning 


Single-threaded Body 
of Execution 


End 


下 28. 5.6 Sizzgle- 纺 readed Programz 
&33. Dejirre 态 e 态 read cuss. 


md Java multithreading system js builtupon the 了 jjeadclass, its 机 
seautompanion interface called Razzzaple. Thread encapsulates a thread 
thread 由 Since you cannot directly refer to the ethereal state of a en 
i For will deal with itthrough its proxy,the 了 7 jzread instancethat Spaw 
mples Teating a new thread, your program will either extend 7T1zead or 
the Runnable interface。 
vtthe ne 了 Jr eac class defines various methods that help manage threads. Some 


Are shown in table.5.6_ 


人 
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Tabile S.6 


Obtain a threads name 


getName 


getPriority Obtain a thread's priority 

jsAlive Determine 直 athread is still running 
join Wait for a thread to terminate 

run Entry polint for the thread 

Sleep 


Suspend a thread for a period of time 
Start a thread by calling its run method 


Start 


0.34. Hom do me create 4 1read 2 


41s. Threads are implemented in the form of objects that cont; 
method called rum(). The ruz() method is the heart and soul of 人 二 
It makes up the entire body of a thread and is the method in 了 
thread's behaviour can be implemented. A typical run( ) would 的 
shown beiow 一 由 


public void run( ) 
0 (Statements for implementing thread) 
} 


The runf ) method should be invoked by an_objectiof the cofmeemed 
thread. This can be achieved by creating the thread and initiating it with ti 
help of another thread method called starxf ). 


A new thread can be created in .two ways 一 


人 By Creatizzga7preadClass 一 Define acl 卫 sthatextends Tjreol 
class and override its mxp) method with the code required by the thread. 
侈 丁 CormertixgaCiosstoa Trent-Defiiieaclassthatimpleme 
Ranaaabje interface. The Rammableinterface has Only one method, manf/thatsn 
be defined in the method with the codeito be executed by the thread. 
双 35. jatsituayiorz eraua1iaBle jz1eF7Ce 加 reguiredto aicha | 
4ns. Formore complicated progfains,the preferred way to create ， 
1 by extending the Runnable interface The Runnable interface Se 
run( ) method that is required for implementing threads in OUI pIOgFam 


媳 
。 双 36， Explaipn 态 e dijjference 种 syntax ad operatiors ON0 有 
Cjerert metpods 识 Java Gejiped Jpr piocHipg dz 胡 red nd 
4ras. The following thread methods can be used to temporarily 8 tl- 
block a thread from entering into the runnable and subsequently running 
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eep( ) /blocked fora Specified time 
S spen /blocked until further orders 
。 /blocked until certain condition occurs 


SE methods cause the tbread to go into the blocked or non-runnable 
6 hread will come in the runnable state when tte Spbpecified time is 


fsleep( ), the resume( ) methad ; 

了 e case of S 了 einod is called in the case of 
Hp ] dthe notify( ) methodjis invoked in the case of wait( )， 
W5peD 


0 37 Expiaim ipPe Lecycie o 态 read 这 Java 


4 thread can enterin many states during it's lifetime It can move 
Active Thread 


了 Killed Thread 
Fipg. 5.7 State T7arzsifiom Diasrarm of THiread 


fm one state to another Via a Variety of ways as shown in fig. 59.7.Athread 
Nalways in one of the following states 一 

人 人， Nem State 一 Athread enters thenewly created state immediately 
tfer creation. This thread is created when the new statement is executed. 了 
tisstate, its local data members are allocated and initialized, The thread isnot 
ytscheduled for running. At this state, we can do only one of the two thing. 
Fist schedule it for ranning using start( ) method, Second, kill it using stop( ) 
method. It moves to the runnable state if scheduled. I we attempt to use any 
oher method at this stage an exception will be thrown， 


人 Rannaple Stote_Whenathreadisintherunnablestate,its ready 
0 execute its “signature， and can now be 识 one of two states, TUnnIng CT 
queued. When a thread js in the running state, it ls assigned CPU cycles and 1 
ally running. When athread is in the queued state， itis waitinginaqueue 四 
mpeting for its turn to send CPU cycles. A runtime scheduler | e 
kansition between these two Substates. However 8 thread can call its yield( ) 
nethod to voluntarily move itself to the queued state from a running state. 


岂 计 j ted 
fi (BiockedSyate_Athreadissaidtobeblocked When as 二 
上 ntering into the runnable state and subsequentlyt 人 ia to satisfy 
qunawhen the thiread is suspended, sleeping, of wal ng ， 


tnot dead 
and tsquirements， Ablockedthread is considerednot runnable butn 
Te 


ore fully qualified to run again. 


人 人。 
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S-8B 
人 fp) Dead Stete - The dead state js entered “anch) 
its execution or is stopped by another thread cajlling its thread fi 
thread can be killed as soon it is created, or while it is ii op( ) methos 
it is in blocked condition. ng, or even 人 
0O.38. FOR 1e pe 有 oorr op Progra71z 
cretied 太一 
人 Exterdizzg 1pe Tiread class a1zid 
(让 Zazplemaentti1l8 te 民 r7z1aable Dier1ace. 


411S.、 (人 下 xtePdilg the THread Class - This way to creat 
that extends Tjpread, and then to create an instance ofthat cl 
class must override the run( ) method, which is the entry 
thread. It must also cajll startf ) to begin execution of the n 
了 Example 一 
Wecreate a Second thread by extending thread 
class MyYThread extends Thread( ) 


explaznm Po hreads 
Q1n 0e 


a new 
c 
aSS. The ext。 8 


nd 
point for ths 人 


ew thread 


MyThread( ) 
Super( Demo Thread”); 
System.out.println(“Child Thread,” 十 this); 
start( ); 
} 
public void runf ) 


tryf 
for (ntj=4,j>0;j ->) 
{ 


System.out.println(“ChildiTiiead:” 二 j)， 
} Thread.sleep(500)， 


人 e) 
Systemrioutiprintln(eChild Interrupted”); 


; System.out.println(“EXiting Child Thread”); 
} 


ExtendThread 
static void main(String args[ ]) 


/create a new thread 
newW MyThread( )， 
try 
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for(Gnt j = 4; j > 大于 
| 


System.out.println(e 


Mai ， 
Thread.sleep(1000); 0 hread 1 


} 


} 
catch(InterruptedException e) 


System Outprintla( main Thread Interrupted") 


二 nn Thread Exiting”， 
} 

} 

( 动 万 PICHaerati1tg 太 e Rarznable JPterface - The simplest way to 
veate 8 thread is to cieate a class that implements the Runrzable interface 
Ronnable abstracts a unilt of executable code， Athread can be constructed on 
贿 0bject tat implements 及 rerzaab1e. TIo Implement Runnable， a class need 
届 implement a single method called run( ), which is declared as follows - 

public void runt ) 

mside7umf), the code that forms the new thread is defined. 

After creating a class that Implements 民 uerazaabje,anobjectoftype Tjread 
im within that class is created. Thread defines Several constructors， The 
me that will be used is as follows 一 

Thread(Runnable threadOb, string threadName) 

Inthis constructor, 1PreadOpb is an instance of a class thatimplements the 
Rnzrable interface. This defines where execution of the thread wil begm， 
The name of the new thread is specified by bjreadName， 

After creating the new thread, it will not start running until you call its 
Wortf) method which is declared within thread. In essence, Startf) eXeCuteS 
acall to rumaf) .The start( ) method is as follows -- 

vold Start( ); : 


MyThread implements Runnable 


Thread t ; 
5 ) 


t = new Thread(this，Demo | 
System.out.println(“Child Threa 
tstart( )， Jstart the thread 


MThis is the entry point for the second thread 
public void run() 
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{ Sranon 


try 
for( = 4; ] > 0; ] --) 


System.out.println( Child Thread:”+ j): 
Thread.sleep(500); 
} 


catch(InterruptedException e) 


System.out.println(“Child Interrupted” 


System.out.println(“Exiting child thread 当 : 
} 》 


} 
class ThreadDemo 
public static void main(String args[ ]) 


/creating a new thread 
new MyYThread( ); 


try 

ee 
fortintj=4;j] > 0; j --) 
{ 


System.out,println(“Main Thread: 鹿 上])， 
Thbread.sleep(1000); 


catch(InterruptedException 鲜 
人 
System.out.prinittlmn(%Maim Thread Interrupted ); 


System.out.println(“Main Thiread Exiting”); 
} 


@39 Expiazp zhe ierrz 112U001EE27ead715. 


. indoW 
411S. The modern Operating Systems such as Window 95 and 由 

XP can eXecute Several programs simujtaneously This ability 18 knoy 

DaLtitasHizzg， In Systemss terminology, it is called marUtitpreadi18， 


In multithreading，a program (process) is divided into tw'9 1 
Subprograms (processes)，which can be implemented at the Sam ea 
parajlel, For example, one subprogram can display an animnation o0 Co 
while another may build the next animation to be displayed. This 8 加 


Or IO 


网 
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Sningt ， 
人 1 independently and simultane ously g them to different peopje 
， CU 


Pet 交 reading is a unique property of Java. 


ividinga task into Subtasks and asSSi 


That is Java enables us to 


。 gam. Each 
ought of as 3a Separate tny program (or module) ee ee 
mn as thread 


侧 》 ，。 认 paralle] to others as Shown in fig. 5.8. 
0 rogram that contalns Imultiple flows of control 
7 edded PDFOS7CQ111- 
5.8 jllustrates 3 
ram withifour 
one main and 
Jree otherS， The mata 
jnead 和 actuall 双 te maln 
Detbod modile, whichls 
jsigned to crieate and 
Wai the other ithree 
ieads, naimelX 和 人， 也 and 
COnce initiated by the 
minthieadithe threads 
\B and C run 
Uncurrently and Share Thread B Thread C 
师 fesources jointly. It ls Fi28. 和 .847u0Njreaded Progranmz 
ke people living in joint families and sharing certain resources among all of 
tem. This ability of a language to Support multithreads is referred to as 
ncurrency. Since threads in Java are Subprogram of a main application 
Jogram and share the same memory space, they are known as lightweight 
freads or lightweight processes. 


18 known as 
Wi 
甩 


Main Thread 


Main Method 
Module 


Thread 人 


&40， Expleim exceptiom parzzd1ipzg amd mathreadizlg， 
(RGB 了 Nov 20718) 


4ns'. Refer to Q.19 and Q.39. 

Q47. Pite a ProSra1a Jp7ic7 cotaxins 芒 ree INredd， 
ds The following program creates three child threads 一 
/Create multiple threads. 


cl ， 
“ass NewThread implements Runnable 


人 


String name: 
Thread tt: 


name of thread 


YewThreadString threadname) 
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name = threadname; 

t = new Thread (this， name); 
System.out.printin (New thread:” 二 齐 ; 
tstart( )) VStart the thread 


Semm.， Semanoh 


// 1 is the entry point for thread. 
public void runt ) 


try 
for (inti=5;1i>0;1 一 一 ) 


System.out.println (name 十 “ : ”十 站， 


} Thread.sleep (1000); 


catch (IntertuptedException e) 
System.out.println (name 二 “Interrupted); 


System.out.println (name 十 “Exiting.7); 


】} 
class MultiThreadDemo 


public static void main (String args[ ] ) 

new NewThread(One”); VW start threads 
new NewThread(“Two”); 

new NewThread(“Three”); 

try 


{ wait for other thiieads tolend 
Thread.sleep (10000); 
(mnterruptedEXception e) 
System.out println(“Main thread Interrupted 


PR (“Main thread exiting 
Output - 
New thread: Thread [one, 5, main] 
New thread: Thread [Two, $， main] 
New thread: Thread [Three, 5， main] 
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| 9 


0pe 
Two 2 5 
Tree ， 
0ne 
Two 
Three 
0ne 
Three ; 

Two 5 3 

One ， 

Three : 2 

Two 

One :1 

Three : 

Two :1 

Oie exiting. 

Two exiting: 

Thiee exiting. 
Mainithread exiting. 


0.42. BFom do me Set Priorities Jor tareads 2 Expiaim itp programa1ae. 


及 s In Java, each thread is assigned a priority， which affect the order in 
whieh it is scheduled for running. Thread priorities are integers that specify 
he relative priority of one thread to another、 Theoretically， higher-priority 
treads get more CPU time than lowerpriority threads. But in Practice, the 
amount ofCPU time that athread gets often depends on several factors besides 
is priority  A higher-priority thread can also preempt a ]ower-prilorty one. 
Thread priorities are used by the thread scheduler to decide when to Switch 
fom one running thread to other. This is called a context Switch. 


In cases where two threads with the same priority aTe competing for 
二 cycles, the situation is a bit complicated. For operating Systems like 
indows, threads of equal priority should get equal access to the CPU in 
undrobin fashion. But you need to be careful. For other types of operating 
ystemas， threads of equal Priority must voluntarily yield control to thelr peersS 
上 do not, the other threads will notrun， ， 本 
whia permit us to setthe priority ofathread usIng the setPriority( ) mm 
NS a member of 7Jzead Its general form 1 一 
ThreadName.setPriority(intNumbeD; 
Here， intNumber specifies the new priority setting for the calling We 
vaiue of intNumber must be within the range MIN_PRIORITY an 
oa IERIORTTY these values are 1 and 10, respectively， The defaultpnony 
ad is NORM PRIORITY whose value is >， 


多 归 
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Sem.， CSS-erans 
You can obtain the current Prlority setting by calling 寻 册 
method of 7Tjreaa as follows 一 e getption， 
ThreadName.getPriority( ); y( 


class one extends Thread 
public vold run( ) 
{ 


System,out.Println(" Thread one startedv 


for(inti=1;1<=4; i++) 
System.out.printin("From thread one. i=， + 
System.out.println("Exit from thread one')， 
} 
class two extends Thread 
public void run( ) 
System.out,println( "Thread two Started'); 
for (ntj= 1;j< = 4;j++) 
ER thread two: j =" +j); 


System.out.printin("Exit 位 om two); 


8 third extends Thread 


ee void run( ) 


System.out.println("THiiead third started'); 
Cixikx< 人 和 


YemoutpalnCFro 可 thread third : k = " +k); 


)ystemoutprinttnfWEx fom_ third ); 


} 
1 ThreadPriority 


static void main(String args[ 了 


one threadA = new One( )， 
two threadB = new Re 
three threadC = new thir ( 2 


threadC .setPriority(Thread MAX PRIORITY); 


yi ULt-Y 229 
threadB.setEriority(ThreadA.getPriori 
threadA.setPriority(Thread.MIN ER RS 
System.outLprintln( "Start thread_ one 站 
threadA.start( ); ， 
System.out.printlin("Start thread two"): 
threadB.start( ); ， 
System.out.printin('Start thread third)， 
threadC.Start( ); ? 


System.out.printin( End of main thread): 
} 
} 


1 ExPpLaiP 太 e ierrz1a 到 read SPzcpromizatom 
Or 

Dejzmne SJ1NCRO121508OB 已 EDLai SJ11CHronizatiom maetpods and 
jro1izt 丰 OF D1oc 扩 


41g When Imultiple threads Share an object and modified by one or more 
ft tireads, indeterminate results may Ooccur unless access to the shared 
bect 8 看 anaged Properly. If one thread 1S In the process of updating a 
Jarediobject and another thread also tries to update it, it is unclear which 
treadS update takes effect， When this happens, the program's behaviour 
whnot be trusted. It means that Sometimes the program will produce the 
uiect results，and Sometimes it will not. In either case, there will be no 
ndication that the shatred object was manipulated incorrectly. 


别 ( 


The problem can be solved by giving only one thread at a time exclusive 
ixess to code that manipulates the shared object' During that time，other 
treads desiring to manipulate the object are kept waiting. When the thread 
%ih exclusive access to the object finishes manipulating it one of the threads 
that was waiting is allowed to proceed. This process is called tnread 
ynchromizaliomz. It coordinates access to shared data by multiple concurrent 
hreads. By synchronizing threads, you can ensure that each thread accesSing 
shared object excludes all other threads from doing so simultaneously-this is 
nled matueaz exXclresio7z. 


to use Java'S bnuilt-in 


全 Common way to perform synchronization i : 
K. The monlitor enSures 


鲍 NBvery object has a monitor and a 硬 oD 人 lv one thread at any 
ime a oblect's monitor lock is heldby a maxlimunm 和 tion requires 
nd thus can be used to enforce mutual excluslon. 下 an Operatl 1 
人 ecuting thread to hold a lock while the operatilon 1 We A 了 
th Re the lock before it can proceed 3 人 ee an be 
iocke yempting to perform an operation that aa 


husads until the first thread releases the lock, at which point the Diocked 
ay attempt to acquire the lock. 


名 ” 届 
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_ . -Br 日 站 C ) 
You can synchronize yOUT code In two ways using the SCcjobzli 


人 UsingSpmcpromized Metjods 一 The keyword Sn keywoud 

to solve synchronization problem by keeping a watch on ee sh 

Foer example, the method that will read information from a sa Ce 

that will update the same file may be declared as Synchronize emet o 
& 


愉 


全 
叫 证 
一 四 


2 d.R 
synchronized void update( ) xampbl 
{ 

， . /code here ls Synchronized 
} 


When we declare amethod synchronized, Java creates a mon 
it over to thethread that calls the method first time. As long as th 
the monitomn no other thread can enter the synchronized secti 
monitor is like a key and the thread that holds the key can only 


itorand hand， 
e@ thread hol d 
on of code A 
open the lock 


(让 Te Syncpromized Siatemazent 一 It is also possible to mark a 


block of code as Synchronized as shown below -- 
synchronlzed (lock-objecft) 


jcode here is Synchronized 


9 


Wheneverathread has completed its work ofusing Synchronizedimnethod 


(orblock of codej, it will hand over the monitor to the nextttiread that is Teady 
to use the same Tesource. 


@44. Descrige 矶 e iread SCHedrel127zg. 


411S. Every Javathread has a threadiifiority thatiglps the operating system 
determine the orderin which threads are Sciieduled The puipose ofascheduling 
policy is to determine how the operating Systemischeduler manages the threal 
lists, that js, how threads are mowed betweemaand Within lists when they gan0 
lose access to the CPU. Assocjiated 和 ith_each scheduling policy is a pnory 
range into Which all threads schediled acegrding to that policy must li 机 
priiorities range between MIN_PRIORITY (a constant of U 迪 
MAX_PRIORITY (a constant of 10). By default, every thread is given pno 
NORM_PRIORITY (a constant of 5). Each new thread inherits the 有 
the thread that created it Informally, higher-priority threads are $ 
toaprogram and should be allocated processortimebefore lower-priorigy 


人 、 。 Xecutt， 
However thread priorities cannot guarantee the order in which threadSe 


i . eads 
Most operating systems support timeslicing，which enables threats 


0 、 详 38 
equal priority to share a processor Without timeslicing, each thread、 


lp 
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iority threads runs to completion bef 


ance ft0 execute. With timeslicing， 
现 3 站 when its quantum expires the 


CU 人 二 extt 
aa dgiven to the n hread of equ 


ne fa thread has not finished 
Sessor 1 taken away from the 
a pnority ifone ls available 

Ready Threads 


Thread.MAX_PRIORIIY 


Priority 8 
了 Priority 7 


Priority 6 


ThreadJ.NORM_PRIORITY | Priority 5 


HH 


Priority 4 


Priority 3 


Zi8. 3.9 7TPread-prioriby Scheduling 


0ne 可 9perating system”s thread scheduler determines which thread runs next， 
RE 有 thread scheduler implementation keeps the highest-pnority thread 
| at all times and, ifthere is more than one highest-pniority thread， 
SowWS 和 threads execute for a quantum each in round-robin fashion- Fig. 
proces “multilevel priority queue for threads. In the figure， assuming 9 
sion or Computer, threads A and B each execute for a quantum In roun in 
中 ti antil both threads complete execution. This means thatA gets a quantum 
Orun Then 了 gets aquantum. Then A gets another quantum. Then B gets 
ivotsd quantum This continues until one thread completes, The processoT then 
dall its powerto the thread that remains. Next thread Cruns to CN 
“and F each execute fora quantum in round-robin fashion until they 


Ste execution This process continues until al threads run to completion. 


Priority 2 


Thread.MIN_PRIORITY Priority 1 


8 
ioon 


_ 多 要 
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When a higher-priority thread enters the ready state, the 。 
generallypreempts thecurentlyrunnlng thread， Dependin gontha ng、 
higherpriority threads could postpone-possibly indefinitely fheaxe。 at 8 
priority threads， Suchindefinite postponementis sometimes re in ion 

Thread schedulingis platform dependent the behaviou OasS 、 


]V ， 
TOf 、 aton 
program could Vary acrOSS different Java Implementations am 


CQ.45. Nat 六 te Producemco7SUTer relatiomnspip ? 

418g。 In a producerconsumer relationship, the producer 
application generates data and stores it in a shared object and 有 10 
portion of an application reads data from the shared object Th Sonsuma' 
consuimner relationship Separates the task of identifying work to be Iodueey 
the tasks involved in actually carrying outthe work. An example ， fo 
producer/consumer relationship is print spooling. Another Et 
producerconsumer relationship is an application that copies data ol eof the 
placing data in a fixed size buffer，which is emptied as the CDRWDsb 
“burns” the data onto the CD. drive 

In a mnultithreaded producerconsumer relationship， 
generates data and places it in a Shared object called a buffer A cons 
thread reads data fom the bufifer This relationship requir 


eS Synchronizati 
to ensure that values are produced and consumed properly Operations 


a producer threag 


buffer data shared by a producer and consumer thread are State dependaiis: 


the operations Should proceed only ifthe buffer is in the correct State. Ifthe 
buffer is in a not-full state, the producer may produce. Ifthe buffsfisimanol 
empty state, the consumer may consume. All Operationsithat accsss the buff 
must use Synchronization to ensure that data js written to the affer or Iead 
fromthe bufferonlyifthebufferisin the proper state. Ifthe producerattemptng 
to put the next data into the buffer determines thataitlis full,ithe producer 
thread should wait until there is Space to write aniew value, Iaiconsumer 
thread finds the buffer empty or finds thatthepreviousidata hias already bee 
read, the consumer must also walt for new datalto become aVailable. 


CA46. Descrije PrOducemco1asrzizer Fe16 在 0185p SCHromizationj 
pe class 4 rroyJBiocpzzgOrere， 


] 41s One way {o Synchronize Prodiicaiiand consumer threads is to 心 
和 ER > Concurrency package that eicapsulate the Synchronize 
oryou.Javaincludesthe class ArrayBlockinaQueue,afully implemented， threac 


Safe bufferclass thatimplements interface BloekingQueue. This interface ee 
人 declares methods put and takc, the blocking 上 由 
olifer and poll respectivelv :1 t places an ee 
the 3 训 * TeSpectlvely Method put pl WE 
an En rckingQueue， waiting ifthe queue is 铝 由 Method takerer ， 
和 on the head ofthe BlockingQueue, waiting ifthe queue' pt 
3 te classArr ayBlockingQueuea good choice for 0 [ertp 
ST 号 ecause mm ， ; in theDt 
wrlte data and naetho 后 Pht olocks until there is room ， 忆 produee 


dtake blocks until there is new data to read， 


人 5 红 writes 3 value and the producer correctly p 
6 
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和 value first， the consumer SQITectly consumes onjy after the 


roduces the next v 
。 xt value only 
UC reads the previous value_ A ， 
proC re conSUmET ITayBlockingQueue stores the 


jfer 人 in an array， The array”s size is Specified as an aregument to the 
lockingQueue constructor. Once created, an ArayBlockingQueue is fixed 
Amy and will not expand to accomtmodate extra elements 


科 ne program in 人 8. 5.10 andjig, 5.11 demonstrates 。 Producer and a 


UmET accessingan ArrayBlockingQueue Class BlockingBuffer (fig.5.10) 
Con5 ArrayBlockingQueus Object thatistores an Integer (line 7). Line 11 
本 ie ArrayBlockingQueue and passes 1 to the Sonstructor So that the 
ofe3 tholds a singlevalue. 

0bJeC 10; BlockingBuffer-jaVa 


。 5S。 
ig， 1 i 
ea 3a Synchronized buffer using an ArrayBlockingQueue. 


import javasutilconcurrent ArrayBlockingQueue; 
ic class BlockingBuffer implements Buffer 


{ 


1 

| 

了 

4 

5 publ 
6 1 ArrayBlocki <I 

1 Private fina rray 了 BlockingQueue nteger> buffer; //shared buffer 
8 


public BlockingBuffer( ) 


10 { 

11 puffer = new ArrayBlockingQueue<Integer>(]1); 
1 } //end BlockingBuffer constructor 

13 

14 // place value into buffer 

15 public void set (int value) throws InterruptedException 
16 { 

17 buffer.put (value); /place value in buffer 

18 System.out.printf(''%s%o2dt%so%dvn''，'"Producer writes'，value， 
19 "Buffer cells occupied:"，buffer.size( )); 

20 } //end method set 


22 jl/return value from buffer 
public int get( ) throws InterruptedException 
{ 


int readValue = 0; /Winitialize value read from buffer 


28 readValue = buffer.take( ); /remove yalue from buffer ，， 
2 System-out.printf("%s %2d\t%s%d\n' “ConsumeT reads ， 
30 readValue,，'"Buffer cells occupied:'"，buffer-sizet ); 


32 return readValue; 

33 } 肌 Viend method get 

让 570C ae ss 4drrapBiockigOrkere 

BIT: eates 4 Sacjro1tized BUGBr MSNS 411 77 3 E 

and ockingBuffer implements interface Buffer and use classes Froducer 

shared PSumer This approach demonstrates that the threads accessing the 
Soject are unaware that their buffer accesses are now Synchronized 

Blockynachronization is handled entirely in the set and get methods of 
8Buffer by calling the synchronizedArrayBlockingQueue methods put 


罗 
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andtake,respectively Thus， the Producerand Consumer Runna 
synchronized simply by calling the Shared object's set and 

Line 17in method set (lines ] 5-20) calls the ArrayBlocki 
put method. This method call blocks if necessary until 
buffertoplacethevalue. Method get (ines23-32) callsthe Arra 
object'stake method (line 27). This method call blocks 计 
is an element in the buffer to remove， Lines 18-1 
ArrayBilockingQueue object's Slze method to displa 
elements currently in the ArrayBlockingQueue. 

Class BlockingBufferTest (fig. 3.11) contains the main mef 
launches the application. Line 11 creates an ExecutorService， andjline ] 
a BlockingBuffer object and assigns its reference to 了 tb 
sharedLocation. Lines 16-17 execute the Producer and Co 
Line 19 calls method shutdown to end the application wh 
executing the Producer and Consumer tasks. 


Notethat while methods putand take of ArrayBlockingQueue are properl 
synchronized, BlockingBuffer methods set and get (fig. 5. 10) are not 全 了 
to be Synchronized. Thus, the statements performed in method Set-the pt 
operation (line 19) and the output (lines 20-21) - are not atomic; nor are the 
statements in method get-the take operation (line 36) and the output (lines 37. 
38). So there is no guarantee that each output will occur immediately afterthe 
coIresponding put or take operation, and the outputs may appear out of or 
Even they do,theArrayBlockingQueue objectis properly Synchromizingaccess 


tothe data, as evidenced bythe factthatthe sum ofvaluestread bythe consumer 
is always correct， 


"anch 


n ， 


hod that 


4 creats 
e Buffer variabl 


nsSumer Runnables 
en the threads 人 ii 


了 LA/Fig.S,.11; BlockingBufferTest.java 

2  WTwo threads manipulating a blocking buffer. 

3 import java.util.concurrent. 卫 xecutorService; 

4 import java.util.concurrent.Executors; 

5 

6 public class BlockingBufferTest 

7 1 

8 public static void main(String[ ] args) 

9 

10 /create new thread pool with two_threads dPooll)i 
11 了 ExecutorService applicatiomil = EXeGutors.newCachedThrea 
12 

13 /create BlockingBuffer to storelints 

下 Buffer sharedLocation = new BlockingBuffer( ); 

16 application.execute(new Producer(sharedLocation)); 
application.execute(new Consumer(sharedLocation)); 
19 application.shutdown( ); 

二 }】 /end main | 


} //end class BlockingBufferTest 


Fi8. 5.77 Too 7Hreads anziprlatizag w 31ocHin8 BuU1er 


| 


| 
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二 writes 1] Buffer cejlls oOccupied: 1 
Summer TeaQS 1 Buffer cells Ooccupied: 0 

ojuncer writes 2 Buffer cells occupied: 1 
sumer Teads 之 Buffer cells occupied: 0 
Co jucer writes 3 Buffer cells occupied， 1 
下 sumer reads 3 Buffer cells oOccupied: 0 

人 writes 4 Buffer cells oOccupied: 1 
1 reads 4 Buffer cells occupied: 0 
ee writes 5 Buffer cells Occupied: 1 
COnsUmer reads 5 Buffer cells occupied:， 0 
Producer WrIites 0 Buffer cells occupied: 1 
ConsumerT reads 0 Buffer cells occupied: 0 
Producer writes 了 7 Bufter cells occupied， 1 
Consumer reads 7 Buffer cells occupied: 0 
Producer writes 8 Buffer cells occupied: 1 
Consumier reads 8 Buffer cells occupied: 0 
Producer Wiite 9 Buffer cells occupied: 1 
Consumer reads 9 Buffer cells occupied: 0 
Prodiicer writes 10 Bufifer cells occupied: 1 


Pioducer done producing 

TEriminating Producer 
Consumer reads 10 Buffer cells occupied: 0 
Consumer read values totaling 35 

Terminating Consumer 


0.47. Descripe prodrcemco1asr11aer Felatio1SHzp sy1ic1zromizatiomn MSiP8 
太 he SycPromized FeJ7OO7 纹 


41s. The first step in synchronizing accesstothebufter using Synchronized 
keyword is to implement methods get and set as Synchronized methods. Jhis 
neds thatathread obtain the monitorlockon theBufferobjectbefore attemptimg 
l access the buffer data, but it does not solve the state-dependence 
associated with producerconsumer relationships. We must ensure 汪 
Proceed with an operation only ifthe bufferis in the appropriate state. ee 
“Way to permit our threads to wait depending on whether certain 人 
me true. In the case of placinganew item in the buffep the ee a 于 
the operation to proceed is that the buffer is not full. mm the case 0 i 下 
必 m fom the buffer, the condition that allows the operation to 人 
“Duffer is not empty If the condition in question is tmue， the We 0 
proceed. If it is false, the thread must wait until it becomes true， ee 
Waiting on a condition， it is removed from contention for e PIO ， 
Paced im the object's wait queue and the lockitholds 1S Telease 
ee 1 es are used 
wincna are declared in class object and inherited by a We en 
athr onditions to make threads wait when they canno P asdbaE 入 eatulbt 
sad obtains the monitor lock on an objecb then determ 


人 人、 
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k on that object until some condition is Satisfied 1 turna value from buffer 
》 Ye 


continue with its tas 
can call object method wait. Thls releases the monitor lock on the he thread 和 ， Ublic synchronized int get( ) 
the thread waits ip the yoaitzzrg state while the other threads ft Ject an 4 | 3 
jz tement(s) or method(S). Wh to ente | 1 /while no data to read，piace thread in 、， ，， 
object's synchronized statemen en a tread execus te | while (!oceupied) ad in waiting state 
synchronized statement (or method) satisfies the condition on Wi Fating 
t thread informati 
| /outpu ation and bu 


iting ji lobject method noti ,ang 
thread may be waiting, itcan ca 0DJec 工 ify to allow a waiti ther Systemoiitprin 用 有 co ffer information，then wait 
Ties to read."); 


if Paple state again. At this poi gthn 3 
to transition to the mATG Polint, the thread { { 机 displayState("Buffer empty、Consumer waits 


transitioned from the wail state to the 1zWH1aplie state can attempt to ii wa | Wi 

monitor lock on the object Even 让 the thread is able to reobtain the [ain the 1 ) Wend whils 

lock， 让 st might not be able to 0 和 0 at this tume-in which //indicate that producer can st 

thread will reenter the WaS State and implicitly release the monitor 4 1 be 和 cd 呈 ji El 训 生 ae 

thread calls notifyAll then all the threads waiting for the monitor lock ww ， occupied = false; 
Ine 4 


} 
人 | 
eligible to reobtain the lock i.e., they all transition to the zamabje state | 村 AS 
er); 
| 
} 


Theapplication in fig. 5.12 and fig. 5.13 shows a Produceranda Co ， 
accessinga shared buffer with synchronlzation. In this case, the Producer ER 8 notifyAll( ); /teU waiting thread(s) to enter runnable state 
producesa value first the Consumer correctly consumes only afterthe Producer ， return bu 竺 er; 
produces avalue and the Producer correctly produces the next value onlyafe | 和 亲 /end method geti releases lock and SynchronizedBuffer 
the Consumer consumes the previous value. The synchronization is handledi | 34 En 
。 i CUT 了 3an 
the set and get methods of class SynchronlizedBuffer (全 g. 3.12)，whid 5 oa En ws 
implements interface Buffer (line 4). Thus, the Producer's and Consumers nn | 57 { 
methods call the shared object's Synchronized set and get methods. 58 ee operation，buffem， 
i 。 | ; 5 occupied); 
人 册 。 } Mend method displayState 
3 //methods wait and notify. 位 下 /end class SynchronizedBuffer 
public class SynchronizedBuffer implements Buffer Fig 和.72.Sy1zzcHro1zizizg dccess 如 ared_ Data 05Si18 Object Netjpom 
6 Private int buffer = 一 1; /shared by producer andiconsumer threads Feit azad ANo 配 . 
了 7 private boolean occupied=false; //whether the bufferiis occupied Fields and Methods of Class SynchronizedBuffer 一 Class 
5 Synchronj 1 ied 人 
9 7 yncl IonlizedBufferhas two fields-buffer (line6)andoccupied (lne 7) Method 
10 public synchronized void set(int valg) set (lines 10-30) and method get (lines 33-53) are declared aS Synchronized i.e.， 
1 ? j | oly one thread can call either of these methods at a time on a particular 
13 ee no empty loca 二 lace teag 拓 ve SmchronizedBuffer object, Field occupied is usedto determine whether itis the 
二 { 卫 Froducer's or the Consumer's turn to perform a task. This field 1 used ip 
下 /outpat thread 放 foriaation amd buffen informatiom， ben wait 下 0 央 expressions in both the set and get methods, 下 occupied is false， 
人 is ， ie buffer is empty so the Consumer cannot read the value of buffkec but the 
er Wai ; ， 0 
3 wait( ); 呈 人 can place a value into buffer If occupied is true, the Consumer can 
2 汪 “ayvalue from buffer but the Producer cannot place a value into buffer. 
buffer = value; //set new buffer value 二 Tethod set and the Producer Thread - When the Producer thread S 
23 /indicat to ob hod invokes synchronized method set， the thread implicitly attempts 
24 Jieoweee nen 和 ae 让 尖 ee 和 the SynchronizedBuffer object's monitor lock. Ifthe monitor lock 1s 
eS 

人 ED 中 二 二 current buffer valu RN the Producer thread implicitly acquires the lock. Then the at 
displayState(" 了 line 16 -19 first determines whether occupied is true. 开 so， buffer is 包 下 so 
28 e( Eroducer writes”+buffen); avalu Qutputs a message indicating that the Producer thread is trying to We 
30 923Al( )》 Vitell waiting thread(s) to enter runaabfe state messae andline 17 invokes method displayState (lines 56-60)to q 员 

nd method set; releases lock on SyncehronizedBuffer ge Indicating that buffer js foll and that the Producer thread 1S walung 


SS 
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。 CGI 
untilthere is space. Line 18 invokes method walt to placethe thread 凡 
method set (ie.，the Producer thread) in the Waitimng 玖 | atcalld 
SynchronizedBufferobject The ca to wait Causes the calling thread 了 fo' th 
release the lock on the SynchronizedBuffer object. This js import plieit 
the thread cannot currently perform its task and because other thre (because 
case, the Consumer) should be allowed to access the object tu ad (in this 
condition (occupied) to change. Now another thread can attempt to 0 th 
SynchronizedBuffer object's lock and invoke the object's set or get ai the 
The Producer thread remains in the WaI1S state until another nofti ethod 
Producerthat itmay Proceed-at which pointthe Producer TIeturmns to the lfies th 
state and attempts to implicitly reacquire the lock on the Synchronizedatabk 
object If the lock is available, the Producer thread Ieacquires the 。 
method set continues executing with the next statement after the 和 and 
Because waitis called in a loop, the loop-continuation condition istested call 
determine whether the thread can proceed. If not, then wait is inv RE 
Otherwise, method set continues with the next statement after the loop， 8ain， 


Line 21 in method set assigns the value to the buffer Line 25 Sets occupied 
to true to indicate that the buffer now contains a value (ie., a consumer ec 
read the value, but a Producer cannot yet put another value there). Line 27 
invokes method displayState to output a message indicating that the Producer 
is writinganew value into thebuffer Line 29 jinvokes method notifyAllifany 
threads are waiting on the SynchronizedBuffer objectbs monitor ]ock thaose 
threads enter the mxjz1taple state and can now attempt to reacqire 也 e lock 
Method notifyAllreturns immediately and method setthen retumig to the calling 
method (i.e., the Producer's run method). When methog set returns, it implicityy 
Teleases the monitor lock on the SynchronizedBuffer objset 


Method getand the Consumer Thread 一 Methods getand Setareimpleinented 
im similar 人 shion. When the Consumer thread's run imethod invokes Synchronized 
method geb the threadattempts to obtain the nigiiitorlock oriiieSyhchronizedBufitr 
object Ifthe lockis available,the Consumertfieaalobtainsit Then thewhile loopit 
lines 36-42 determines whether oOccupied is 人 false. 下 so, the ERfferis empty so JIme 
3? outputs a message indicating thatithe Consuriier tiead is trying to reada vajue 
and line 40 invokes method displayState to output a miessage indicating that 区 
buffer is empty and that the Consumef thread 着 Waiting. Line 41 invokes metho 
wait to place the thread that called method get (ie., the Consumen) in the 业 
State for the SynchronizedBuffer object Agaim the call to wait causes the 
thread to implicitly release the lock on the SynchronizedBuffer object S0 ee 6 
,can attemptto acquire the SynchronizedBuffer objects lock and nl iu 
object's set orget method .Ifthe lock on the SynchronizedBuffserisnot 关 曙 1 
example, 这 the Producer has not yet retumed from method seb, the Consu 
blocked untilthe lock becomes available. j 
The Consumer thread remains in the Wairing state until 让 0 


fied 地 
anotherthread that it may proceed-at which pojint the Consumer threadr 


人 
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Hbje state and ， Implicitly Ieacquire the lock on the 
dBuffer object e IOck is avallable, the Consumer obtains the 
ethod get continues executing with the next statement after wait 
3 六 i called in aloop,the OoP-continuation condition js tested again to 
| ecaU， 忆 whethber the thread can proceed with its execution. f not，wait js 
jrj ain-otherwise, method get contmnues with the next statement after 
6 Line 46 sets oOCccupied to 蚀 lse to indicate that buffer is now empty (i.e.， 
”or cannot read the value， butia Producer can place another value pb 
Re 48 calls methodinotifyAll. 卫 anythreads are in the waifizg state for 
| bn on this SynchronizedBuifferiobject, they enter the 1WU1H1able state and 
| 他 ]oc attempt 名 reobtalin the locK Method notifyAll returns immediately 
| 本 d get returns the Value of buffer to its caller When method get 
den ee lock on the SynchronizedBuffer object is implicitly released. 
| feturnsS， fing CGIaS5 SynchronizedBufifer -- Class SharedBufferTest2 (fig. 5.13) 
Tes me 生 od main (lines 8-24), which launches theapplication .Line 11 ereates 
| vontains torSafvice to Tun the Producer and Consumer tasks. Line 14 creates 8 
本 Ex 襄 cdBUtffer object and assigns its reference to Buffer variable 
幸 This object stores the data thatwill be shared betweenthe Producer 
WagedLoc in 16-17 display the column heads forthe output. Lines 20-21 
ind ， randaConsumer Finally line23 calls method shutdowntoend 
ra when the Producer and Consumer complete their tasks. When 
上 main ends (line 24), the main thread of execution terminates， 


j : t2,java 
J/Eig. 5.13: SharedBufferTes 
人 threads manipulating 3 Synchronized buffer. 
import java.utilconcurrent. 卫 xecutorService; 
import java.util.concurrent. 卫 Xecutors; 


本 
ee 
1 由 


上 


public class SharedBufferTest2 
{ 


public static void main(Stringl ] args) 


{ 
10 //create a newCachedThreadPool 


。、， 《+。 hedThreadPool( ); 

下 卫 xecutorService application := Executors,newCac 

2 
} 
| 3 /create S izedBuffer to store ints 

ynchronize edBuffer( ); 
1 Buffer sharedLocation = new Synchronized 
os\nn' Operation ， 

国 Systemout.printf("%-40s%svtvt%Sva 2-405 
| "Buffer'"，"Occupied' -一 一 一 一 

8 ? 
| 19 tasks 
| 20 //execute the Producer and Cn gb 
| 21 application.execute(new Producer(S 

22 application.execute(new Consumer(s 

23 
| 24 application.shutdown( ); 
25 } } //end main 


/end class SharedBufferTest2 
zed 呈 UPer 
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Output 一 


Consumaer tries to Tead. 


Producer writes 1 
Consumer reads 1 
Corsumer tries to read. 


Producer writes 2 
Consumer reads 2 
Producer wiites 3 
Consumer reads 3 

Producer writes 4 

Producer tries to_ write. 
Buffer full, Producer waits. 
Consmer reads 4 

Producer writes 5 
Consumer Teads 5 
Producer writes 6 
Producer trles to Write. 
Buffer ful. Producer waits. 
Consumer read 6 

Producer writes 7 

Producer tries to_ write. 
Buffer fll. Producer waits. 
Consumer reads 7 
Producer writes 8 
Consumer reads 8 
Consumer tries to read 


Producer writes 9 
Consumer reads 9 
Consumer tries to Tead. 


Producer writes 10 
Consumer reads 10 
Producer done producing 
Terminating Producer 


Terminating Consumer 


@.48. Descripe 
porrzded 5u1jers。 


41ts. To reduce the amount of wait 


and operate at the sam 
that provides a 如 
values, and from whi 


一 ee 


Buffer empty, Consumer walits. 


Buffer empty. Consumer walts. 


Buffer empty. Consumer waits。 


Buffer empty Consumer waits。 


Consumer read values totaling SS 


。， 员 
Producereomasu11aer relatio1aszip Spazcjaroaizeliom 有 8 


ingtime for threads that share TeSOUICE 
e average speeds, we can implement a bounde 
xed number of buffer cells into which the Producer can 
ch the Consumier can retrieve those values. 扩 the 让 


Semm. 
， “Senanah Unit-V 241 
| ily produces values faster than the C 


po can wiite additional values into tb 
| podurle) This capability enables the Produc 
ivgi on js not ready to retrievethe cuTre 
把 Consumer COnsumes fastcr than the Producer produces new values 由 
{ ercanread additionalvalues 和 om the buffer This enab] h ， tne 
en eventhough the Produceris not readyto prod 

kee 中 种 oa b p uce additional values. 
It should be note eyesn a bo0unded buffer is Inappropriate if the 

ucer and the ConsuIner operate SoliSistently at different Speeds. Jf the 

mer alwaysiexecutes faster than the Producer then a buffer taini 
(onSU ， ， ough. Additionallocatio 1]d si 
ielocation 1 en ns would SImply waste memory 下 
人 Producer 0 也 yabuffer with an “infinite”number 
iflocations Wouldibe ablelto absorb the extra production However, if the 
producer afid ConsUiner execute at about the Same average Speed, a bounded 
mfker helps 如 Emoot the effects of any occasional Speeding up or slowing 
do 硕 训 eitherT tiread's execution. 
Theikeyjto Using a bounded buffer with a Producer and Consumer that 
0Perate at about the same speed is to provide the buffer with enough locations 
to famde:the anticipated“extra”production, If over a period of time，we 
determine that the Producer often produces as many as three more values 
than the Consumer can ConSsume，we can pIovide a buffer of at least three 
ells to handle the extra production. Making the buffer too small would cause 
treads to wait longer. Making the buffer too large would waste memory， 
TIheprograminfg.3.14and fig.S.1$ demonstratesaProduceranda Consumer 

Mcessing a bounded buffer with synchronization. We implement the bounded 
pufkr in class CircularBuffer (fig. 5.14) as a circular buffer that uses a shared 
amray of three elements. A_circular buffer writes into and reads from the array 
tements in order, beginning at the first cell and moving toward the last When a 
hoducer a Consumer reaches the last elementb it retums to the first and begins 
watingorreading， respectively ffomthere. mthisversionofthe producerconsumer 
slationship, the Consumer consumes a value only when the array is not empty 
ad the Producer produces a value only when the array is not fu] 


/Fig. 5.14: CireularBufferj 
下 .java 
/Synchronizing access to a shared three-element bounded buffer. 


人 class CircularBuffer implements Buffer 


onSumer can consume them, the 
”extra buffer space (fany are 
erto perform its task even though 
ntvyalue beingproduced Similarly 


Consumer 


co co ~1 ~1 ~ 人 小 人 n Cn 上 人 上 人 CD LO DID 一 


人 
> \ 品 \D \ 心 co 


Private final int[ ] buffer = 全 1 一 二 一 二 /shared bufter 


mber of buffers Used 
element to write to 
lement to read 


private int occupiedCells = 0; /count mu 
Private int writeIndex = 0; /index of next 
d bufier Private int readIndex = 0; /Windex of next e 
[wa 
pa 


duc 


二 二 一 PP ce ~ ce 庆 二 一 


na 


/place ,alue into buffer 


tedExceptiom 
public Synchronized void set (int value) throws Interrup 
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13 { 2 

14 //output thread information and buffer information 

1S //while no empty locations，place thread in blocked 二 wait, 
16 while (occupiedCells = = bufferlength) tate ， 
17 { 

四 System.out.printf("Buffer is full. Producer wai 

19 wait( ); Wwait until a buffer cell is free si; 
20 } /end while 

21 。 

22 bufferfwriteIndex] = valueji //set new buffer value 

23 

24 /update circular write index 

25 writelndex = (writeIndex + 1) "6 bufferlength; 

26 

27 ++occupiedCellis; //one more buffer cell js full 

28 displayState( "Producer writes" + value); 

29 notifyAH( ) /notify threads waiting to read from buffer 

30 } /end method set 

31 

32 /return value from buffer 

33 pubiic synchronized int get( ) throvws InterruptedException 

34 { 

35 1wait until buffer has data，then read value; 

36 jwhile no data to readi place thread in waiting state 

37 while (occupiedCells = = 0) 

38 { 

39 System.out,printf("Buffer is empty， Consumer waits\n'yy 
40 wait( ); /wait until a buffer cell is filled 

41 } hfend while 

42 

43 int readValue = buffer[readIndex]; /read Viue from buffer 
44 

45 jupdate cireular read index 

46 readIndex = (readIndex +1) % buffer.length; 

47 

48 -0ccupiedCels; //one fewer buffer cells are Ooccupied 

49 displayState("…Consumer readS' 二 readValue); 

notifyAll( ); /notify threads WwWaiting to write to buffer 

S2 return readValue; 

S3 } /end method get 

5S4 

/display current Operation amid buffer State 

void displayState(String operation) 

/output operation and number of occupied buffer cells 
System,outprintf(%s%s%djvnebs Operation， Ts; 
"(buffer eells occupied:''，occupiedCells，"buffer cells; 少 
3 for (int value : buffer) ; buffer 
System.out.printf("%2d"，value); //output values ip 
一 System.out.print(v\n 7); 


一 一 
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for (int ii 一 0;i< bufferlength; it+) 


System.out.print("-----"); 
System.out.print("\n “"); 


for (inti=0;ii<bufferlength; i 计 十 ) 


/ 这 《ii = 三 WriteJndex &e& i = = readIndew) 
Systemaout,print("WR')， /both 

else 这 (i = = writeIndea) ”mte and read index 
Systemsouti6rint('WR' ); 几 

Just writ 

| else it (i 三 = readIndex) e index 

人 System.out'prinat("WR'); /just read index 

用 else 

刀 Systemoutiprint('" ”); Wneither index 

及 } //end for 

8 

和 Systemout.printin('"\n'7); 

中 Mend method displayState 

/end class CircularBuffer 


4 } 
语 世 74 SecHrOEEzI1S 4ccess 加 QSjaared THree-elemientBornaded Bu1jer 


Ling Sinjitlalizes array bufferas a three-element integerarray thatrepresents 
Iecircularbuffer Variable occupiedCells (line 7) counts the number of elements 
mbuffer that contain data to be read. When occupiedBuffers 1 0, there ls no 
diain the circular buffer and the Consumer must wait-when occupied cells is 
JUthe size of the circular bufferm, the circular buffer is full and the Producer 
must wait. Variable writeJndex (line 8) indicates the hext location in which a 
walue can be placed by a Producer. Variable readIndex (line 9) indicates the 
posttion from which the next value can be read by a Consumer 


CircularBuffer method set (lines 12-30) performs the same tasks as jn 
jg.5.14 with a few modifications. The loop at lines 16-20 determines whether 
the Producer must wait (ie., all buffers are flD. If so， line 18 indicates that 
he Producer is waiting to perform its task. Then line 19 invokes method wait 
qusing the Producer thread to release the CircularBuffers lock and wait until 
Tere is space for a new value to be written into the buffer When execution 
Sntimues at line 22 after the while loop, the value written by the Producer 1 
Piaced m the circular buffer at location writeIndex. Then line 乞 人 
Tatelndex for the next call to CircularBuffer method set This line is 员 
me circularity”ofthe buffer When writeIndex is incremented past tne en 
人 Duffer the line sets it to 0. Line 27 increments occupiedCelis， ee 
Te is now one more value in the buffer that the Consumer Can IT 
全 28 invokes method displavStat (lines 56-85)toupdate the outpu w 

Au ntents of the buffers 

“produced, the number of occupied buffers, the co 


， | notifyAl 
the current writeIndex and readIndex. Line 2? ee 
tread (1 on Waiting threads to the runnable state, S0 bd 


1 。 TO 
there 1S One) Can hnhOW try agatmn to read a value 


SS 


The loop at lines 37-41 determines whether the 
(ie., all buffer cells are empty). 了 the Consumer must 
the output to indicate that the Consumer 1S waiting to perform 让 
line 40 invokes method walt， causing the current thread to release 上 SK. 机 
the CircularBuffer and wait until data is avallable to read Wh e lock 的 
eventually continues at Hine 43 aftera notlfyAll call from 
is assigned the value at ]ocation IeadIndex In the circu 
updates readJndex forthe next call to CircularBuffer m 
line 25 implement the “Circularity” of the buffer Line 48 decr 
occupiedCejlls, because there ls now one more position in the buffsr ; ER 
the Producer thread can place a value. Line 49 invokes method displaysi hiah 
update the output with the consumed value， the number of oOCcupied 和 to 
the contents of the buffers and the current writeIndex and readJn dex.Ti efs， 
invokes method notifyAll to allow any Producer threads walting to 和 J0 
the CircularBuffer object to attempt to write again . Then line 52 rethums 电 
consumed value to the caller. 6 


Method displayState (lines 5$6-85) outputs the state of 
Lines 62-63 output the current values ofthe buffer cells. Line 63 
printf with a "%2d" format specifier to pint the contents of eac 
aleading space ifitis a single digit. Lines 70-82 0 
and readindex with the letters W and R， respecti 


Testing Class_ CircularBuffer _ 
contains the main method that launche 
ExecutorService, and line 14 creates a CircularBuffer object and asSSlgngiits 
reference to CircularBuffer variable sharedLocatiom Line ]7invokes e 
CircularBuffers displayState method to show the initial State of the buffer 
Lines 20-21 execute the Producer and Consumer tasks: Line 23 calls method 
shutdown to end the application when the threads complete the Producer and 
Consumer tasks. 


Each time the Producer Writes a 
piogram outputs a messa 
the contents of buffer a 


"anch) 

Cons 

WwWait mnust Wi 
| 
全 


the appjication 
USes method 
h buffer with 
utput the current Writelndex 
vely. 
Class CircularBufferTest (fig. 5.1) 


s the application, Line 而 creates the 


value orthe Consumefiteads a Value the 
ge indicating the action Performed (a read or a writeh 
nd the location of WiiteIJndex and readIndex. In the 
output of fig. 5.15, the Produc 怀 first Writes the value 1. The buffer then 
contains the value 1l in the first cell and thewaue -1 (the default value 上 
output purposes) in the other two cells.The write index is Updated to t 
Second cell, while the read index stays at the first cell. Next, the ee 
Ieads 1. The buffer contains the same values, but the read index has bee 
updated to the second < 


， in， but 也 
el The Consumer then ftries to read again， 

buffer is empty and the Consumer is forced to wait 

1 /Fig。S.1S: CireularBufferTestjava 

2 //Producer and Consumer threads manipulating a circular buffer. 

3 import Yautieoncurrent. 了 ExecutorService; 

Import 人 acuteoncurrent,Executors; 
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.class CircularBufferTest 
publ 1 
| puplic static void main(String[ ] argS) 
! { //create new thread pool with two threads 
) 


2 司 


ExecutorService appiication = ExecutorsnewCachedThreadPool( ); 
1//ecreate CircularBuffer to Store jints 
CircularBuffer SharedLocation = new CireularBuffer( ); 
//display the initial state of the CircularBuffer 
sharedLocation.displayState(Initial State'); 


//execute the Producer and Consumer tasks 
application.execute (new Producer(sharedL 


oOcation) ); 
applicationsexecute(new Consumer(Shared 


Locatiom) ); 
application.shutdown( ); 
//end main 


} //end class CircularBufferTest 
和 5 


招 5.15 Boducenaad CoFSUNter Tareads Manipauiating a Circalar Bu1yer 
旋 J， 

Output 三 

fnitial_State (buffer cells occupied: 0) 

buffer cells: 一 1 | 二 


WR 
Producer writes 1 (buffer cells occupied: 1) 
buffer cells: 1 一 | 
及 WV 
Consumer reads 1 (buffer cells occupied: 0) 
buffer cells : ] 


WR  . 
Buffer is empty Consumer waits. 
Producer writes 2 (buffer cells occupied: 1) 


buffer cells: 1 2 一 ] 
ee 本 
Consumer reads 2 (buffer cells occupied: 0) 
uffer cells: 1 2 二 


呈 全 
Producer writes 3 (buffer cells occupied: 1) 
buffer cells: 1 3 


2 
WR 
Consumer reads 3 (buffer cells occupied: 0) 
uiiler cells: 1 2 3 
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Branch | 8 (buffer cells occupied: 1 

WR ) Consurmnen IE 人 8 9 pled: 1) 
Producer writes 4 (buffer cells occupied: 1) ruffer cels 
buffer cells: 4 2 3 W R 

本 Jumer reads 9 (buffer cells occupied: 0) 

R 允 orfer cells; :和 

， T CE 

Producer writes 5 (buffer cells occupied: 2) buf 


buffer cells: 人 4 5 3 


二 总 蝇 一 一 一 一 一 一 一 一 


WR 
ducer writes 10 (buffsficells occupied: 1]) 
puffer cells: 10 8 2 


于 
cer done Producing 

we Producer 

ConsumeEI readsil0 (buffer cells occupied: 0) 

buffer cells: 10 8 9 


Consumer reads 4 (buffer cells occupied: 1) 
buffer cejls: 4 5 3 
R W 
Producer writes 6 (buffer cells occupied: 2) 
buffer cells: 4 | 
W R 
Producer writes 7 (buffer cells occupied: 3) 
buffer cells: 7 5 0 


WR 
Constimernread values totaling: 55 
Tefininatiag Consumer 
Diat do JJOU UNderstand 加 daeraonl thread ? 


dg You can turn a thread into a daemon thread by calling - 
emon(truey)，; 

as ER ee about such athread.A daemon i Simply a thread 
thathas no other role in life than to serve others. Examples are timer threads 上 
snd regular“177zer cs to other threads or threads that clean up ne cache 
entries. When only daemon threads remains, the virtual machine exists. There is 
mpoint in keeping the program running ifall remaining threads are ea 

Daemon threads are sometimes mistakenly used by beglnners Who do 
not want to think about shutdown actions. However this can be dangerous- 人 
daemon thread should never access a persistent resource Such as 纪 e or database 
snce it can terminate at any time, even in the middle of an operation 


Q.30. jat is data collectiopn ? Expiai 碎 Drief abowtis 0PeS 
Or 
F7ire ua sport note om data collections， (R.GRR ee 人 
4ns. Data collection is a process of collecting data en EN 
Qurces to Search solutions to the research problerm test the hyp 
aluate the outcomes. Data Collection has tw0 parts 一 
GD Primary methods of data collection 
Gi Secondary methods of data collection 
data 亿 ， Prinzary Metjpods or Data Co1Uectom 一 
Sollection has two parts 一 
(a) Quantitative (b) Qualitative. 


WR 


Consumer reads 5 (buffer cells Ooccupied: 2) 
bufifer cells: 7 5 0 


WV 及 
Producer writes 8 (buffer cells Ooccupied: 3) 
buffer cells: 7 8 


WR. 


Consumer reads 6 (buffer cells occupied: 2) 
puffer cells: 7 8 6 


R WV 
Consumer reads 7 (buffer cells Occupied: 1) 
buffer cells: 7 8 6 


及 


WV 
Producer writes 9 (buffer cells Ooccupied: 2) 
8 9 


Primary methods of 
buffer cells， 7 


W 了 R 


es 
一 
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(a) Quantitative Data Collection Methods _ 
mathematical calculations in different formats. Quantitat 
method and analysis involve questionnaires with close 
methods of correlation and regression mean， mode and m 
is cheaper to apply and they can be applied within sho 
compared to qualitative techniques. Usually， lt 18 Simplet 
of searchings due to high level of standardization 

(b) Qualitative Data Collection Methods ~ 
numbers or mathematical calculations. Qualitative research is 
with words, sounds feeling, emotions, colours and other 
non-quantifiable. Qualjitative studies aim to ensure great 
understanding and qualitative data collection techniques 
questionnaires with open-ended questions, focus goupbs， 
or role playing, case Study etc. 


( 记 Secomdary etpods or Dale Coi1ectiop 一 
type of data that has already been published in books, new 
Journals, online portals etc. 


nch) 


IlVe data co lectin 


d- 
ne estions 
lan and others ] ， 
rter period 。 ti 
make comparisons 


t does no 
close 
elements which 
er level of depth 了 
Involve interviews 
Observations game 
Secondary data is a 
Spapers， magazines， 


@35T. 邦 jtat 六 datapase mta1QSemtefat syste11z 2 

411s. Adatabase management system 
data and a set of programs to access those data. The collection of dat 
referred to as the datapase，contains information relevant to an e 
The primary goal ofa DBMS isto provide a way to store and retriev 
information that isboth convenientand efficient, Database systetis 
the safety of the information stored，despite Systemijierashes or 


unauthorized access. If data are to be shared among Several usETS; 
must avoid possible anomalous results. 


(DBMS) is acollection of interrelated 


a, USually 
Diterprise， 
eidatabasE 
mustensure 
attempts at 
the System 


C@32. Nat is datebause CaDProacP ? 


-411S. In the database approach, a singleirepoSitof Of data is maintained 
that is defined once and then is accessed by Various users. 从 database system 
1S a collection of interrelated files and a setiof priograims that allow USers t0 
access and modify these files. Ajinajor purpose of the database system 1S t0 
Provide users with an abstract View Ofithe data.That is，the system hides 
certain details of how the data are stored are maintained. 


马 53. jat are 太 e Properties or daiaipase approacP ? 
471S. A database has the following implicit properties 一 8 
(DA databaserepresents some aspects ofthe real world, somea 
called the mzizziporld or the Viperse or Discorrse (UoD). Changes fo 
miniworld are reflected in the database. 1 SOm 
Gi) A databaseisa logically coherent collection of data wIt 


， ferre 
Inherent meaning. A random assortment of data cannot correctly be 吕 
to as a database. 
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Popujated with data fora specific 
some preconceived applications 


.,.、A database ls designed,builtand 
an intended group of users and 
| 0 users are lnterested. 

1 whic ， 

昌 册 Discrss SO1He CO7U1OPRD) HSed applicalioms oO1 datapbase System 
Databases are Widely used. Here are some TIepresentative applications _ 

| .418 仙 Ba7zKing -For custgmer information accou 

king transactions， 

万 4ir1izzes 一 For reservations and schedule 1 
ngthe first to USe databases in a geographically 
[ee situated_around thejworld accessed the cent 
| in3 
etmln 


h phone linesiaimid other data networks， 
lou 多 


nts，and loans， 
| | ban ormation Air]i 

则 b nformation. Airlines 
distributed manner-_ 
Tal database system 


( 动 TaiyerSities 一 For student information，course registrations， 
网 grades- F h j 

| 6 站 CredEE Card T7arzsactioms - For purchases on credit cards and 
ion ofimonthly statements. 

(yy) 7El1ecora71jzu1zicatiom 一 For keeping records Of calls made， 
ting monthly bills， maintaining balances on prepaid calling cards, and 
[二 inforniation about the communication networks. 


( 喇 Firaarce - For storing information about holdings, sales and 
furchases of financial instruments such as stocks and bonds. 


| 
| oenerat 


| fi Sales -For customer product and purchase information. 
in and for 
7 ac 一 For management of Supply chain an 
we sy ies, 1 tories of items in warehouseS/ 
| tacking production of items in factorles, Inven 
sores, and orders for items. 
] TiesS， 
人 ic) rezaaP Resorrces 一 Forinformatlon we 人 Sala 
Cks， 
payroll taxes and benefits, and for generation of payche 


SYSTEM 
CASE STUDY LIKE - ATM, LIBRARY MANAGEMENT 


人 


。 1 81SEr eye 
@.55. JIite case SC Ope 4 SS ATM system and 


al of the 

| 402S. A requirement documents defines the 90: 
Q SO WW 加 nn 
一 tallanewATM System forallowins 
Sta 这 COURt 这 

Je oal Oiie Qt 
to diG Soine so 的 本 人 
S 5 
nale bank. ATM provides some facilities like 和 View account baltance 

(Withdraw money 鸭 、ATM PIN 
GDidDepositaeaal CI 
eposit cash 


viDProvi 
(v) Transfer cash to_ other account GD 


| 

Requirements Document_Abankin 
| 

des cash recetpt， 
} 


| 


Balance Inquiry 
Withdraw Cash 
Deposit Cash 
EransferAmou nt 


LChange pin 


7p. 3.7647Hf USer TIzterjfa 


; SOme TIask 一 
] 卫 ， 
a User Via an account number anCP 


ecuting financial tranSactons， 


amnd Perform se 本 al 
eS 

atabse Stor 

Dnformation d 


hb bakk 
。 ArFAf sessl0n jnteract Wi 
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，CS- LEE- V 25: 
。 Sranch | 。 
(10) private static final int Balance_Inquiry = 1; GD) authenticateUser( ); 
w 一 
(10D) Private static final int Withdrawal =2; (321 performTransactions( ); 
(12) private static final Int Deposit = 3; userAuthenticated = faise， 
ic final int Exit = 4; G 5 currentAccountNumber = 0: 
(13) private static .in (3 Screen.displayMessageLine (CThank youl 
(14) publicAITM () 人 7 ) 
0 ， 0 void authenticateUser( ) 
(16) UserAuthenticated = false; 人 
the AIM and Line (4) declares an attri screen.displayMessage(“Enter youT Account number) 
nn 2 ta ibute Current Account N Tbute nol foundin (4 intaccountNumber = Keypad.get Input ( ): 
TUML design 一 an Intattribute umber that ke (42) 和 .get 
bs track screen.display essage (“Enter plin ); 
of the account number of the current authenticated user (43) 


(44) int pin 三 keypad.getInput( ); 
(45) UserAuthenticated = bankD atabase.authenticateUser 


(accountNumber pin); 


Lines ($)to (9) declare reference-type attributes belongtothe ATM 
associations modeled in fg. 3.17. 


(46) if (useTAuthenticated) 


小 cuUrrentAccountNumber = accoutNumber; 
(49) 昌 
else 
: Screen.displayMessageLine(“Invalid accountnumberaor PIN7)， 
aa 1 private void performTransactions( ) 
| ATM | Transaction | Deposit 
(54) { . ER 
Transaction currentIransaction = null; 
(56) boolean userExited = false; 
(57) while (! userExited) 
Account | 58 { ， . 
一 ， int mainMenu Selection 靖 displayMainMenu( ); 
天 7g. 3.77 (60) switch (mainMenuSelection) 
AIM uses these attributes to access jts parts and comimunicate with bark (61) 


account information database. 
(17) currentAccountNumber = 0 
(18) screen = new Screen(D; 
(19) keypad = new 术 eypad( 下 


(62) case Balance_ Inquiry : 
(63) case Withdrawali 

(64) case Deposit : 

(65) currentTransaction = 


昌 
3 


i (66) createTransaction (mainMenuSelection); 
(20) cashDispenser = new CashDispenser( ); (67) EntiTyansaetion exeattEt 下 
(21) depositSlot = new DepositSlot( ); (68) 。 break 
(22) bankDatabase = new BankDatabase( ); (69) case 卫 XIT . 
4 ic voi (70) Screen.displayMessageLine (“Existing the System 作 
3 人 void run( ) (7 UserEXiied 三 ne 
(72) break; 
BDI ie(tag 73) -ale lid 
元 全 下 到 (4) 。 screen displa MessageLine (you did not enter a Ya 
0 (IuserAuthenticated) 0 section.Try again 
. (75) 
(30) Screen displayMessageLine (<eWelcomet; break: 


-一 
( 
(An 

\ 一 
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(76) } 
(77) 】 
(78) 和 和 
(79) Private int displayMainMenu( 
(81] Screen.displayMessageLine(“Main menu)， 
(82) Screend-spjayMessageLine(“View account balancen 
(83) Screen ,displayMessageLine(“Withdraw Money)， 
(84) Screen .spalyMessageLine( "deposite cash? 
(85) Screen.displayMessageLine(“Exit ); 


(86) Screen.dispjay MessageLine (Enter a choice”" 
(87) return keypad.getInput ( ); 

88 

人 Transaction createIransaction(int type) 

(90) 


); 


(91) Transacton temp = null， 

(92) Switch (type) 

(93) 1 

(94) case Balance_Jnquiry : 

(95) temp = new BalanceInquiry ( 
(90) current AccountNumber， Screen，bank Database), 
(97) break， 


(98) Case Withdrawal : 
(99) temp = new Withdrawal(currentAccountNumber， 


(100) Screen，bankDatabase， keypad， cashDispenser 
(101) break 


(102) 。 case Deposit : 

(103 ) temp = new Deposit(currentAccouritNumber Screen， 
(104) bankDatabase， keypad， depositSlot); 

(105) break: 

(1006) 

(107) ， return temp; 

(108) 

(09)  } 


The class diagram does not list any operations for class ATML 
We develop one 


tell the ATMto run 

Run method use 
authenticate th 
transactions. Si 
long as bank does not transit off 

An ATM user 
onjy use the ATM Lines 28 -3 
attempt to authenti 


icated. 
cate the user until the User has been authenticate 
For example， 


{ UserAuthenticated is true). 


人 to 
operation in class ATIVEfOFexternal client ofthe cjass 


。 ， Impt t0 
S Jiaite 1oop to repeatedly welcome a user， 
e user and if authentications SuUcceeds，USer 人 中 
mujlates the logic which an ATM sees to run contin 0 


r C3n 
base not ability to turn off the ATM CD 3 
2 cause the ATM to repeatedly welc 
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| perform Iransactions (lines 53 to 78) carries out an ATM session 
authenticated User We use a Transaction Variable to take profit of 

他 orphlsm. 5 

了 Wename this varaible afterthe rolena 


me involved in the i 
class dia am of 
“18 current trasaction， 召 
和 . 二- 人 人 Executes 
ithdrawai 
Current Transaction sm 


下 2. 3.78 4SSociatioii 41zong Classey 

Method creatIransaction (lines 89 to 108)usesa Switch statement (lines 

| ,0 106) to instanttiate aneW_ Transaction Subclass object of thetypeindicated 
1 parameter type: 

by Althougb 让 aiuser Selects exit option line 71 sets user 


| Ifthe 耳 er press any other key which is not showing in 
display aierror meSSage, userExited remains false and 
咱 由 

the 亚 alimtmenu- 


Exited to true. 


display option line 
the user returns to 


0 Fit 如 relurm bgook 训 [ 码 rary maanmagemrent SJSfemt ? 


dzs，Let us develop a design document forre 
lased on the functional detail of this requirement. 
， Functional Detail 一 
Requirement -Book retur 
Input 一 _ Book ID Number 
Output 一 “Operation status 


quirement of book retum， 


Ste S 一 、 
(GD CheckbookID is valid orinvalid ifinvalid performerrorIoutine 
and stop execution . 
(Hi Check that the book is issued to the person ee ni 
jbrary and will return the book else perform error routine and stop 
| (iii) Ask the 
librarian if the book is to be 
umed,ifthe librarian says 忆 人 3 
0 igi 0 
nt es Returned YITETIIS 
(iv) Update the 有 
after perform this 
on and inform the | 全 二 
iarian of the success else 信和 
相 orm about failure with | 司法 
sason 


Book Return 


|A004 C++ 
| A008_ JAVA 


| database 
operatio 


Accordin t 全 衣 证人 人 让 
oO requlre- 必 
ment let 癌 


us develop a design 
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document to address this. The first part of design document show functional 
requirement. 

(Frmactiomral Reguiremzet 一 TIhe solution glves the powerto the 
librarian to return back a issue book to user earlier After this the can issue 
another booktothe member of library. A requlirement， whlich is being manage 


separately, and is out of the scope of this deslgn. 
(Di) User 1zzterface Detai 丰 一 To chooseaBook ID number from all 


book which are available and issue to someone else, the jibrarian would be 
displayed a screen. 

As display in fig. 5.19, the librarian selects a book ID number The screen 
gives him OK and Cancel options, 


(a) Ifthe user ee -一 一 一 一 一 
| 有 
Press Cancel button， Book 人 的 rryrTmrrT eg 
application control would | 到 sturned 


区 


retumbackto the main menu， 2 二 


全 ， 


(b)If the 
USer press OK button， 
application would show. 
The book name, memberJID | 
number，and name of 上 
person to whom this book 
was issued and issue date. .3.20 


lssued to 2 1208 Shyam 


10July 2018 


At thjs juneturejaif he wants the books to be returned, the application 
program asksithe librarian， 


(1)If librarian press Cancel button，control will move to 
booKk returmn dlialog box. 


(2)Ilibrarlan press return button than 


(A) The database will update with change the information 
of the book from lssued to avallable. 


(B)The member information will update and now there 
will not any lssue book on hls name. 


(C) The transaction information will update with book 
return back date. 


外 包 包 


